






Physical Activity, Sedentary Behaviour and Cardiometabolic Health in 
Children, Adolescents and Young Adults. 
 
 




Professor Alan Donnelly 
Dr Kieran Dowd 
Dr Ciaran MacDonncha 
 
 
Thesis submitted to the University of Limerick in fulfilment of the requirements for the degree of 









Title: Physical Activity, Sedentary Behaviour and Cardiometabolic Health in Children, 
Adolescents and Young Adults. 
 
Author: Grainne Hayes 
 
The overarching aims of this thesis were to: (i) to determine the validity of the activPAL 3 
micro for measuring physical activity (PA) intensity in adolescents; (ii) to quantify differences 
in free-living activity behaviours across cohorts of children, adolescents and young adults using 
the activPAL 3 micro; (iii) to examine the associations between free-living activity behaviours 
and indices of cardiometabolic health in a representative sample of Irish adolescents; and, (iv) 
to model the effects of reallocating time between activity behaviours on cardiometabolic health 
markers in Irish adolescents. 
 
The activPAL monitor is the world’s first single-site instrument validated to accurately 
measure sedentary time, standing time and postural changes. Despite this, the device output 
has been limited to classifying an individual’s free-living activity into periods of sitting/lying, 
stepping and standing. A count-to-activity threshold for the activPAL 3 micro was developed 
and validated to provide accurate measures of MVPA and subsequently LIPA. 
 
Habitual activity behaviours were assessed within cohorts of children, adolescents and 
young adults (N = 194). Waking sedentary time, MVPA and prolonged sedentary bouts 
increased across the different aged cohorts. Standing time differed significantly, while LIPA 
and the time spent in short sedentary bouts decreased. The level, duration and pattern of 
habitual activity behaviours differed significantly between weekdays and weekend days and 
between school/university hours and out-of-school/university hours.  
 
Free-living activity behaviours and cardiometabolic health indices were examined in a 
representative sample of 15 to 18-year-old Irish adolescents (N = 222). Sedentary waking time 
was detrimentally associated with diastolic blood pressure, LDL-C and glucose. Increased 
standing time was only associated with lower systolic and diastolic blood pressure. Increased 
LIPA time was beneficially associated with sum-of-skinfold thickness, handgrip strength, 
cardiorespiratory fitness, diastolic blood pressure, total cholesterol and triglycerides and 
negatively associated with waist-to-hip ratio and HDL-C. Sedentary Bouts < 20 minutes were 
beneficially associated handgrip strength and cardiovascular fitness and negatively associated 
with waist-hip-ratio. Sedentary bouts > 60 minutes were detrimentally associated with diastolic 
blood pressure. Reallocating the time spent in one activity behaviour with another significantly 
influenced the cardiometabolic health indices.  
 
The evidence presented in this thesis highlights the importance of increasing LIPA in 
addition to MVPA to improve and maintain adolescent cardiometabolic health. Future 
interventional and longitudinal research should be conducted to determine the implication of 
replacing sedentary time with LIPA, with the aim of informing public health initiatives and 
future PA guidelines.   
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Chapter One – Introduction 
  




The existing paradigm of physical activity (PA) for health is documented through more than 
sixty years of scientific enquiry. Physiologists and epidemiologists have verified the 
perceptions of ancient scholars by confirming that those who perform regular moderate-to-
vigorous intensity physical activity (MVPA) receive a plethora of physiological benefits and 
experience less premature mortality and chronic disease (Lee et al. 2012; Kwon et al. 2015; 
Piercy et al. 2018). With this, national and international PA guidelines promoting the health 
benefits of regular participation have been developed (Bull et al. 2020). Despite these 
recommendations, global levels of MVPA are low with one in three adults and four in five 
adolescents not achieving the minimum recommendation of PA for health (Hallal et al. 2012). 
Activities at the lower end of the PA intensity continuum such as SB and light intensity 
physical activities (LIPA) are said to contribute the majority of an individual’s daily behaviours 
(Matthews et al. 2008; Colley et al. 2011; Colley et al. 2017). Sedentary behaviour (SB) refers 
to any waking activity characterized by an energy expenditure ≤ 1.5 metabolic equivalents and 
a sitting or reclining posture (Tremblay et al. 2017). Today’s environment has decreased the 
demand for us to be physically active. This is due largely to modifications in personal 
transportation, screen-based entertainment and communication technology (Dunstan et al. 
2012). The adolescent years are identified as a particularly inactive stage of human 
development and research highlights that the prevalence of SB increases throughout 
adolescence (Mitchell et al. 2012a) and into adulthood (Ortega et al. 2013). Matthews et al. 
(2008) estimates that children aged 6-11 years spend on average 6 hours per day in sedentary 
pursuits while 16-19-year-olds spend approximately 8 hours per day sedentary. These findings 
are alarming given that patterns of activity behaviour remain stable from adolescence through 
to adulthood (Telama et al. 2014). Essentially, this means that less active and more sedentary 
adolescents are more likely to maintain their levels of activity behaviour into adulthood (Ortega 
et al. 2013b).  
Excessive SB may play an important role in the development and treatment of many 
risk factors for cardiometabolic health (Hamilton et al. 2008). For example, increased sedentary 
time in adults has been detrimentally associated with fasting glucose, fasting insulin, High 
density lipoprotein-cholesterol (HDL-C) and triglycerides (Powell et al. 2018), while also 
leading to an increased risk for chronic diseases such as cardiovascular disease and type 2 
diabetes (Biswas et al. 2015). The evidence for youth populations is inconclusive and not well 
established (Verswijveren et al. 2018). Recently, the examination of the manner in which 
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sedentary time is accumulated or how frequently individuals break up their sedentary time has 
become very topical. Evidence suggests that an increase in the frequency of sedentary breaks 
is beneficially associated with risk factors for cardiometabolic health in adults (Healy et al. 
2008; Bankoski et al. 2011; Carson et al. 2014). The association of these effects during youth 
is not well understood. The magnitude of SB and its consequent effect on health is a growing 
public health concern and the issues surrounding the declining levels of PA is something that 
needs to be addressed. 
In addition to SB, the majority of individuals spend a large proportion of their day 
engaging in activities that are light in intensity (LIPA) (Carson et al. 2013b; Dowd et al. 2014; 
Loprinzi et al. 2015). Both adults and children spend ~ 4-6 hours of their waking day in LIPA 
(Matthews et al. 2008; Buman et al. 2010). There is strong evidence from adult populations to 
suggest that increased LIPA is beneficially associated with a variety of cardiometabolic risk 
factors including; fasting insulin (Howard et al. 2015), total cholesterol (TC) (Green et al. 
2014), HDL-C (Kim et al. 2013) and triglycerides (Loprinzi et al. 2013). Research studies 
examining the associations between LIPA and cardiometabolic health in youth populations are 
limited and have produced inconclusive findings (Carson et al. 2016; Poitras et al. 2016; 
Verswijveren et al. 2018). Additionally, we now have the potential to distinguish standing time 
from other behaviours, which has led to questions on whether this is a distinct behaviour to 
LIPA or a behaviour to be examined on its own. Although associations have been made 
between standing time and cardiometabolic health in adults (Katzmarzyk 2014; Van der Ploeg 
et al. 2014), its link to health is contentious, with studies suffering from methodological flaws 
in their determination of standing time. There is limited literature examining the association 
between objectively measured standing time with indices of cardiometabolic health in youth 
populations. Notably, the measurement of objectively measured free-living standing time is 
difficult as most device-based measurement methods have difficulty differentiating standing 
time from LIPA (Dowd et al. 2014). 
The accurate measurement of activity behaviours is a fundamental pre-requisite to 
investigating the association between health and disease. Before one can begin to design 
interventions or inform public policy, there is a need to accurately measure individual 
components of the activity intensity continuum. Historically, the assessment of activity 
behaviour has been facilitated through the use of subjective measurement tools such as self-
report questionnaires, PA diaries, interviews and direct observation (Ainsworth et al. 2015). 
While the use of such instruments has contributed substantially to understanding the 
 33  
 
 
associations between PA and health risk (Sylvia et al. 2014), they are highly influenced by 
external factors including social desirability bias, recall bias, age and seasonal variation (Sylvia 
et al. 2014). To compound matters, self-report measures are unable to accurately differentiate 
between activity intensities, especially those at the lower end of the PA intensity continuum. 
For example, owing to the ubiquitous nature of sedentary, sitting breaks and light intensity 
activities, participants may have difficulty accurately recalling and reporting the time spent in 
these behaviours (Pedisic et al. 2014; Sudholz et al. 2018). As a result, the use of such measures 
can under- or over- estimate the true effect of the activity behaviour thus, the accuracy of 
subjective methodologies is therefore questionable (Dhurandhar et al. 2015).  
The introduction of objective measurement tools has helped to overcome some of the 
inherent limitations associated with using subjective methods. In particular, accelerometers 
have gained popularity as an objective method to measure free-living activity behaviours. Like 
all methodologies, accelerometers have some limitations. Traditional count-based 
accelerometers cannot differentiate between postures and thus, have low sensitivity to detect 
sedentary activities and activities that are light in intensity (Rowlands and Eston 2007). 
Consequently, periods of quiet standing may be misclassified as periods of sitting time or visa-
versa (Hart et al. 2011). Recent technological advances have resulted in the development of 
accelerometers that enable the examination of postures while also measuring ambulation (e.g., 
activPAL device). The introduction of such devices has led to improvements in the accuracy 
of SB quantification (Lyden et al. 2012) and have therefore been recommended for use when 
examining associations between SB and health outcomes (Edwardson et al. 2017). 
The benefits of regular participation in MVPA are well established, however, global 
prevalence rates are low across the lifespan (Hallal et al. 2012). While the potential deleterious 
effect of increased SB and the beneficial effect of increased LIPA on indices of cardiometabolic 
health continue to be uncovered, PA guidelines that support the inclusion of all intensities on 
the PA continuum should be considered (Owen et al. 2010). Through the accurate measurement 
of activity behaviours, clinicians, researchers, epidemiologists, public-health- and policy- 
makers will gain a deeper understanding of the role of activity behaviours (especially SB and 
LIPA) on indices of cardiometabolic health and on the health sequelae of a given population.  
This thesis presents data from four different research studies that were undertaken 
between 2015 and 2017. The first of these studies aimed to develop count-to-activity thresholds 
for the examination of MVPA from the activPAL 3 micro device in a group of adolescents and 
to cross-validate these count-to-activity thresholds in an independent sample. In response to 
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the call for the harmonisation of accelerometry data, a secondary aim of this study was to 
simultaneously develop, validate and cross-validate count-to-activity thresholds for the 
determination of MVPA and LIPA for five of the most commonly used accelerometers in 
adolescent research. The developed count-to-activity thresholds for the activPAL 3 micro 
device were used to examine the data collected from the subsequent studies. The remaining 
studies included within this theses involved: (i) the examination of free-living activity 
behaviours across a cohort of children, adolescents and young adults; (ii) an examination of 
the fractionation of free-living activity behaviours in cohorts of Irish and German children, 
adolescents and young adults; and, (iii) an examination of the levels and patterns of free-living 
activity behaviours and their association with indices of cardiometabolic health in a 
representative sample of Irish adolescents. 
1.2 Thesis Aims 
i. To determine the validity of the activPAL 3 micro for measuring PA intensity in 
adolescents. 
ii. To quantify differences in free-living activity behaviours across cohorts of children, 
adolescents and young adults using the activPAL 3 micro. 
iii. To examine the associations between free-living activity behaviours and indices of 
cardiometabolic health in a representative sample of Irish adolescents.  
iv. To model the effects of reallocating time between activity behaviours on 
cardiometabolic health markers in Irish adolescents.  
1.3. Research Questions 
i. When measured using a consistent methodology, how do PA, SB and SB patterns differ 
between childhood, adolescence and young adulthood? 
ii. Does the fractionation of activity behaviours differ between children, adolescents and 
young adults? 
iii. What is the relationship between daily LIPA and sedentary time on health indices when 
these behaviours are accurately distinguished from standing time?  
iv. What are the effects of specific activity compositions and activity reallocations across 
the 24-hr cycle on cardiometabolic health indices?  
1.4. Thesis Structure 
This thesis examines the methods used to accurately measure and assess free-living PA and 
SB. Furthermore, it investigates the associations between SB, standing time, LIPA and MVPA 
with indices of cardiometabolic health in a representative cohort of Irish adolescents.  
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Chapter One provides a brief overview of the research area while also outlining the 
aims and objectives of this research work. Chapter Two provides a detailed overview of the 
current literature related to a broad range of research areas. It provides detailed information on 
the following: (i) the history of PA for health: (ii) definitions for activity behaviours on the PA 
continuum; (iii) the development and status of PA guidelines for youth and adult populations; 
(iv) National and International objectively and subjectively measured prevalence estimates of 
PA and SB for youth and adult populations; (v) methods of PA and SB assessment; and, (vi) 
the associations between activity behaviours and indices of cardiometabolic health in youth 
populations. Chapter Three (published in the Journal of Adolescent Health) contains a focused 
piece on tracking PA and SB from adolescence through young adulthood. Chapter Four details 
the value calibration and subsequent simultaneous validation of five commonly used activity 
monitors for quantifying MVPA. The findings from this study enable the quantification of 
MVPA and LIPA for the remaining activPAL analysis across this thesis. Chapter Five provides 
a detailed account of the methods used to process the activity data retrieved from the activPAL 
3 micro device for each of the studies presented in this thesis. Using the methodologies 
presented in Chapter Five, Chapter Six examines and describes changes in the levels and 
patterns of objectively measured activity behaviours across a cohort of children, adolescents 
and young adults. Chapter Seven, extends the data processing and analysis techniques 
presented in Chapter Six and provides a thorough description of how different age cohorts 
accumulate and/or fractionate their free-living activity behaviours during weekdays and 
weekends and during school/university-hours versus out-of-school/university hours. The 
associations between free-living activity behaviours and indices of cardiometabolic health in a 
representative sample of Irish adolescents are presented in Chapter Eight. Chapter Nine 
investigates the theoretical effects of reallocating time between sleep, sedentary time, standing 
time, LIPA and MVPA on indices of cardiometabolic health. An in-depth discussion of the key 
findings presented in this thesis occurs in Chapter 10. In addition, the potential impact, 
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2.1 Brief Background to the History of Exercise is Medicine 
The existing model of PA for health has been documented by over 60 years of scientific 
enquiry. The foundation for this model has roots that began in antiquity more than two 
millennia ago (Tipton 2014). Around 600 BCE, an Indian physician named Susruta was the 
first recorded physician to advocate for regular engagement in PA. It was deemed to make the 
body: (i) stout; (ii) strong and firm; (iii) compact and light; (iv) enhance limb and muscle 
growth; (v) improve digestion; and, (vi) reduce senility while being absolutely conducive to a 
better preservation of health (Tipton 2014). In addition, Susruta was one of the first proponents 
for the prescription of exercise; he recommended that his patients engage in exercise and that 
it should be taken daily at an intensity of only to half extent of one’s capacity. Later Hippocrates 
and Galen would become the first in Western history to write about the importance of exercise 
for a variety of ailments, the importance of energy balance and the medicinal benefits that 
specific exercises have on the human body (Pate et al. 2008). Moreover, Hippocrates was the 
first recorded physician to provide a patient suffering from pulmonary tuberculosis with a 
written prescription for exercise which consisted of walking, while Galen acclaimed that some 
form of exercise could treat virtually any disease (Pate et al. 2008). 
Over time, physiologists and epidemiologists have verified the perceptions of these 
ancient scholars by confirming that those who perform regular MVPA receive many 
physiological benefits and experience less risk of premature mortality and chronic disease 
(Paffenbarger Jr et al. 1986; Lee et al. 2012). Nowadays, through changes in technology and 
communications, lifestyle trends are increasingly supporting a sedentary lifestyle and thus, the 
independent roles of SB and LIPA on health have become research topics of great interest 
across the lifespan. The following literature review provides a detailed overview of the current 
literature related to a broad range of research areas. It provides detailed information on the 
following: (i) definitions for activity behaviours on the PA continuum; (ii) the development 
and status of PA guidelines for youth and adult populations; (iii) National and International 
objectively and subjectively measured prevalence estimates of PA and SB for youth and adult 
populations; (iv) methods of PA and SB assessment; and, (v) the associations between activity 
behaviours and indices of cardiometabolic health in youth populations. The proceeding 
sections will explore current literature across these key areas. 
2.2 Key Definitions  
In 2010, Tremblay and colleagues reviewed and presented evidence on the entire movement 
continuum. Figure 2.1. represents the PA movement continuum, which identifies SB, LIPA 
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and MVPA as three distinct constructs. As behaviours move along the continuum, they may 
evoke different physiological responses (Tremblay et al. 2010). Notably, the responses may 
occur in a linear or non-linear fashion as one moves up or down the continuum, they may 
emerge only after a certain movement threshold is crossed (this is especially true when one 
moves from sedentary to light activity) or the response may show no change (Tremblay et al. 
2010). Though originally conceptualized as a behaviour on the low end of the PA movement 
continuum, a large body of evidence now identifies SB as a distinct construct from a lack of 
PA. Establishing SB as a distinct construct is/was important for three main reasons. Firstly, SB 
is ubiquitous and occurs differently to PA. Secondly, SB has an independent and qualitatively 
different physiological response compared to PA, and thirdly, methodologies for assessing SB 
require different metrics and indicators than those required for PA surveillance (Tremblay et 
al. 2010; Thivel et al. 2018). 
 
 
Figure 2.1. The physical activity movement continuum, illustrating sedentary behaviour, light-
intensity physical activity and moderate-intensity physical activity as three distinct constructs 
and their respective differing physiologies from Tremblay et al. (2010). 
 
As this field of research has grown, so too unfortunately has confusion over the most 
appropriate definitions of SB and other related terms. Early research referred to and defined 
SB in a way that is incongruent with current research. Many of the persons deemed sedentary 
in PA literature were much more typically categorised by default rather than on the basis of 
measured participation on SB. There was a need to provide clear definitions in order to 
differentiate SB from PA and physical inactivity (Thivel et al. 2018). To address this, in 2017, 
members of the Sedentary Behaviour Research Network (SBRN) created a new terminology 
consensus that aimed to develop and standardise consensus definitions for terms routinely used 
in research related to SB (Tremblay et al. 2017). Section 2.2.1. – 2.2.4. provides a brief 
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summary of the most recent and accepted SBRN terminology and definitions of the various 
activity behaviours along the PA movement continuum. 
2.2.1 Defining Sedentary Behaviours: Sedentary Bouts, Breaks and Patterns 
The SBRN have provided a general definition of SB but have advanced this field of research 
by achieving a consensus on specific sedentary components including, sedentary time, 
sedentary bouts, sedentary breaks and sedentary patterns. With that, SB is an umbrella term 
used to define any waking behaviour characterised by an energy expenditure of ≤ 1.5 METs 
while in a sitting, lying or reclining posture (Tremblay et al. 2017). Sedentary time, a 
component of SB, is defined as the time spent for any duration (for example, per day or per 
week) or in any context (for example, at school or at work) in SB. A sedentary bout is defined 
as an uninterrupted-period of sedentary time and a sedentary break is defined as a non-
sedentary bout in between two sedentary bouts (Tremblay et al. 2017). The framework also 
provided a general definition for SB patterns, which refer to the manner in which SB is 
accumulated throughout the day or week while awake (for example, the frequency and duration 
of sedentary bouts and breaks) (Tremblay et al. 2017). 
2.2.2 Defining Standing Behaviour: Active and Passive Standing 
Whilst a difficult behaviour to define, standing, is not considered a SB. To that end, the SBRN 
have defined it as a position in which one has or is maintaining an upright posture while 
supported by their feet (Tremblay et al. 2017; Thivel et al. 2018). A distinction is made between 
active and passive standing. Active standing refers to any waking activity in a standing posture 
classified by an energy expenditure > 2.0 metabolic equivalents (METs) (for example, standing 
while painting). Passive standing refers to waking activity in a standing posture classified by 
an energy expenditure of < 2 METs while standing without ambulation, whether supported or 
unsupported (for example, standing in a queue) (Tremblay et al. 2017). 
2.2.3 Defining Physical Activity: From Light-Intensity to Vigorous-Intensity 
PA is defined as any bodily movement produced by skeletal muscles that results in energy 
expenditure (Caspersen et al. 1985). Generally, PA is differentiated by its intensity. In this 
thesis, unless otherwise stated, LIPA refers to all movements with a metabolic cost > 1.5 and 
< 3.0 METs (for example, incidental movements, activities of daily living). Moderate-intensity 
physical activity (MPA) refers to those activities that have a metabolic cost ≥ 3 and < 6 METs 
while vigorous-intensity physical activity (VPA) refers to any activity behaviours with a 
metabolic cost > 6 METs (Tremblay et al. 2010; Thivel et al. 2018). Collectively, MPA and 
VPA are referred to as moderate-to-vigorous-intensity physical activity (MVPA).  
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2.2.4 Distinct Constructs: Sedentary Behaviour, Physical Inactivity and Physical Activity  
PA and SB are not the opposite of each other. A person is considered active if they meet the 
required PA guidelines for their age. This however does not prevent them from spending a 
large amount of their waking day being sedentary and thus it is possible for an individual to be 
considered as both active and sedentary (Pate et al. 2008). In addition, SB and physical 
inactivity are not the same. Physical inactivity is defined as an insufficient level of PA to meet 
the required PA guidelines (Tremblay et al. 2017). Despite PA and SB being distinct constructs, 
they are co-dependant. Any change in behaviour will result in an increase in one activity 
variable and a subsequent decrease in others (Chastin et al. 2015b).  
Figure 2.2. displays an illustration of the SBRN terminology conceptual model, which 
includes 24-hour movement and non-movement behaviours. The inner ring represents the main 
behaviour categories with their associated MET values and the outer ring represents categories 
using posture. This model coupled with the aforementioned SBRN definitions provides clarity 
for researchers that are interested in exploring relationships between various activity 
behaviours across a 24-hour cycle (e.g., sleep time, sedentary time, and time spent in various 
intensities of PA).  
 
Figure 2.2. Conceptual model of 24-hour movement and non-movement behaviours from 
Tremblay et al. (2017). 
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2.3 Development of Physical Activity Recommendations for Youth and Adults 
Much of our knowledge of the health-related effects of PA has been developed from an 
extensive body of large-scale epidemiological studies that measured activity, which was either 
moderate, vigorous, or a combination of moderate-to-vigorous in intensity (Lee and Shiroma 
2014). The findings of this work informed public health experts to develop age-specific PA 
guidelines and recommendations that promote the optimal dose of PA required to maintain/ 
improve indices of health. 
The US Department of Health and Human Services was one of the first federal agencies 
to publish population specific PA guidelines and thus, the 2008 Physical Activity Guidelines 
for Americans document represents a major milestone in addressing the health burden of 
physical inactivity (Lee and Shiroma 2014). The guidelines recommended that for optimal 
health, children and adolescents should do 60 minutes or more of PA daily. Most of the 60 
minutes should be either moderate- or vigorous- aerobic activity; and as part of the 60 minutes 
of activity, inclusion of VPA, muscle-strengthening, and bone-strengthening PA was 
recommended on at least 3 days of the week (Buchner 2014). For substantial health benefits, 
adults were recommended to participate in at least 150 minutes a week of MPA or 75 minutes 
a week of VPA or an equivalent combination of aerobic activity from both intensities. It was 
suggested that the PA should be performed in bouts of at least 10 minutes (Buchner 2014). In 
addition, adults were required to do muscle-strengthening activities that were moderate- or 
vigorous- in intensity on 2 or more days of the week. It is noteworthy that the guidelines for 
adults highlighted the existence of a dose-response relationship between PA and health. 
Accordingly, the guidelines proposed that for additional health benefits adults should increase 
their PA to 300 minutes a week of MPA or 150 minutes of VPA or an equivalent combination 
of both (Buchner 2014). Similar guidelines were adopted by other countries globally (WHO 
2010; Lee and Shiroma 2014).  
The development and implementation of the 2008 US PA guidelines and the subsequent 
Word Health Organisation’s (WHO) PA guidelines in 2010 were a fundamental step in 
enabling the general population to make informed decisions on their level of PA participation. 
However, there were no recommendations for activities at the lower end of the PA continuum. 
The absence of recommendations for both LIPA and SB in the guidelines was primarily for 
two reasons. Firstly, little was known about the health benefits of LIPA or if SB could 
independently increase the risk of chronic disease (Lee et al. 2012; Lee and Shiroma 2014) and 
secondly, the evidence used to develop the recommendations was based on large-scale 
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epidemiological studies that used self-report measures of PA (Pate et al. 2008). However, the 
2020 WHO guidelines have addressed this gap by acknowledging that replacing sedentary time 
with any intensity of PA (including light intensity) has health benefits (Bull et al. 2020). As 
can be observed in Section 2.7.1. of this literature review, self-report measures of PA are more 
valid and reliable for moderate-to-vigorous intensity activities compared to light-intensity 
activities (Bonnefoy et al. 2001; Strath et al. 2004). Consequently, the majority of early 
observational studies limited their assessments to MVPA. Therefore, initial PA guidelines and 
recommendations failed to prescribe recommendations for activities at the lower end of the PA 
movement continuum as too few data were available and the existing data indicated no benefit 
(Lee and Shiroma 2014).  
2.3.1 Inclusion of Key Message for Light Intensity Activity and Sedentary Behaviour 
Since the development of the first PA guidelines, the field of health promoting PA has 
undergone a noticeable shift (Pate et al. 2008). This is due in large part to the rise in PA 
epidemiology and the proliferation of research studies relating to activities on the lower end of 
the PA continuum. Given the important health benefits accrued through LIPA and decreasing 
SB, it is clear that specific guidelines similar to those developed for MVPA are warranted. 
However, there is still much debate as to whether or not SB should be included in the “physical 
activity” guidelines.  
Within an Irish context, the National PA Plan for Ireland highlighted the development 
of national SB guidelines as a key action point (Ireland 2016). Recently, the US (US 
Department of Health and Human Services 2018), UK (Department of Health and Social Care 
2019) and Australia (Australian Government, Department of Health 2019) have updated their 
PA guidelines to include key messages that encourage youth and adults to minimise the amount 
of time spent in prolonged sitting and to break up long periods of sitting as often as possible. 
For example, the PA Guidelines for Americans, 2nd edition was published in 2018 and it 
provides the same guidelines regarding the intensity, duration and frequency of MVPA 
presented in the earlier editions (2008, 2010) however; they have integrated a SB message into 
their PA guidelines. The guidelines include and emphasise that moving more and sitting less 
will benefit everyone. Notably, the committee did not incorporate specific target guidelines or 
recommendations for SB as they suggested that there was insufficient literature to recommend 
a specific health target for total sedentary time, or for how many times adults or youth should 
break/interrupt their sedentary time with PA (Piercy et al. 2018). However, just this year the 
WHO have addressed some of the issues with the previous PA guidelines and for the first time 
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have now included key guidelines for both PA and SB for: (i) children and adolescents; (ii) 
adults and older adults; (iii) people with disabilities; and, (iv) pregnant and postpartum women 
(Bull et al. 2020). 
2.3.2 Physical Activity Recommendations for Children and Youth 
In September 2019, the UK Chief Medical Officers released an updated and revised version of 
the 2011 UK PA Guidelines. The 2019 UK guidelines suggest, children and young people 
should engage in MVPA for an average of at least 60 minutes per day across the week 
(Department of Health and Social Care 2019). The move towards an average of 60 minutes is 
based on the premise that the current evidence base does not support a specific minimum daily 
threshold of 60 minutes of MVPA for health benefits. Recommending an average number of 
daily minutes more closely reflects the evidence base and hence this is the new 
recommendation. In addition, to developing movement skills, muscular fitness and bone 
strength the second recommendation includes a guideline advocating that children and young 
people should participate in a range of different types and intensities of PA. The 
recommendation suggests, children and young people should engage in a variety of types and 
intensities of PA across the week to develop movement skills, muscular fitness and bone 
strength (Department of Health and Social Care 2019). The 2019 UK PA guidelines for 
children and adolescents are similar to the 2018 US guidelines as they recommend that children 
and young people should aim to minimise the amount of time spent being sedentary, and should 
break up prolonged sedentary periods with at least light PA (Department of Health and Social 
Care 2019). 
  The 2020 WHO guidelines suggest that children and adolescents should achieve at 
least an average of 60 minutes/day of moderate-to-vigorous intensity, mostly aerobic, PA 
across the week. The guidelines also encourage children and adolescents to include vigorous-
intensity aerobic activities, as well as activities that strengthen muscle and bone at least three 
days per week. For the first time, the WHO have incorporated a recommendation for SB which 
states that children and adolescents should limit the about of time spent being sedentary, 
particularly the amount of recreational screen time (Bull et al. 2020).  
2.3.3 Physical Activity Recommendations for Adults  
With regard to the adult population, the 2019 UK Chief Medical Officers PA Guidelines 
suggest that for good mental and physical health, adults aged 19-64 years should aim to be 
physically active every day. The revised guidelines suggest, any activity is better than none 
and more is better still (Department of Health and Social Care 2019). The 2011 guidelines 
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suggested that PA should be spread throughout the week and should be accumulated in bouts 
of 10 minutes or more. However, the 2019 guidelines suggest that these 150 minutes can be 
accumulated in bouts of any length. With regard to activities on the lower end of the PA 
continuum, the guidelines propose that “Adults should aim to minimise the amount of time spent 
being sedentary, and when physically possible should break up long periods of inactivity with 
at least light-intensity (Department of Health and Social Care 2019, pg. 10).  
The WHO guidelines are similar to the UK Chief Medical Officers PA Guidelines. The 
WHO suggest that adults should undertake regular PA by achieving at least 150-300 minutes 
of moderate-intensity aerobic activity, or at least 75-150 minutes of vigorous-intensity aerobic 
activity, or an equivalent combination of both throughout the week. For additional health 
benefits, the guidelines suggest that adults should increase moderate-intensity aerobic activity 
to > 300 minutes or do > 150 minutes of vigorous-intensity aerobic activity or an equivalent of 
both throughout the week (Bull et al. 2020). Adults (including those with chronic conditions 
and those living with disability) should do muscle-strengthening activities that involve all 
major muscle groups at moderate or greater intensity on two or more days of the week. For SB, 
the guidelines suggest that adults should limit the time spent being sedentary and that replacing 
sedentary time with PA of any intensity (including LIPA) provides health benefits. To help 
reduce the detrimental effects of high levels of SB on health, the guidelines suggest that adults 
should aim to achieve more than the recommended levels of MVPA. The 2020 guidelines have 
dropped the bout length PA recommendation. Furthermore, older adults (65 years and older 
including those with chronic disease conditions and those living with disability) should do 
varied multicomponent PA that emphasises functional balance and strength training at 
moderate or greater intensity on three or more days, to enhance functional capacity and to 
prevent falls (Bull et al. 2020). 
The revised US and UK and WHO PA Guidelines for both youth and adults are based 
on the most recent and up-to-date scientific evidence on the benefits of PA for health. In 
addition, they provide detailed recommendations on the frequency, intensity, duration and 
volume of aerobic and muscle strengthening activities across the lifespan. The inclusion of 
general guidelines that incorporate intensities on both the low end and high end of the PA 
movement continuum is a step in the right direction. However, there is still insufficient 
evidence within the literature (especially youth populations) to support including specific time 
targets/limits or a minimum threshold of LIPA or sedentary within the present guidelines. The 
development of the new WHO guidelines reaffirm the messages that some PA is better than 
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none and that more PA is better for optimal health and provide a new recommendation on 
reducing SB across the lifespan. The guidelines have been developed for children, adolescents, 
adults, older adults and, for the first time, include specific recommendations on PA and SB for 
people living with chronic disease conditions or disability and for pregnant women and 
postpartum women. The guidelines provide the most recent advances in the evidence base for 
PA and SB and associated selected health consequences and thus the guidelines should be used 
to inform national health policies (Bull et al. 2020). 
2.3.4 Twenty-four Hour Movement Guidelines for Children and Youth: A Paradigm Shift 
in Thinking 
While the US, UK and Australia have integrated SB messages into their PA guidelines, other 
countries included information for specific SB alongside their PA guidelines for children and 
youth. In 2011, Canada was the first country to release separate (from PA) SB guidelines for 
children and youth. The Canadian SB Guidelines for youth aged between 5-11 years and 12-
17 years recommended that for health benefits children and youth should minimise the amount 
of time they spend being sedentary every day. The guidelines suggest that this be achieved 
through limiting recreational screen time to no more than 2 hours per day and by limiting 
motorised transport, extended sitting and time spent indoors throughout the day (Tremblay et 
al. 2011a). The 2011 Canadian SB guidelines for children and youth have subsequently been 
replaced by the Canadian 24-hour Movement Guidelines for Children and Youth (age 5-17 
years) (Tremblay et al. 2016). These movement guidelines are the world’s first evidence-based 
guidelines that address movement behaviours across the whole day. For optimal health the new 
guidelines encourage children and youth to Sweat (accumulate PA guidelines), Step 
(accumulate light PA), Sleep (uninterrupted 9-11 hours for 5-13 year-olds, and 8-10 hours for 
14-17 year-olds) and Sit (no more than 2 hours of screen time, limit prolonged sitting) the 
right amounts for a healthy 24-hours (Tremblay et al. 2016). Similar guidelines have been 
published for Canada (Tremblay et al. 2016), Australia (Okely et al. 2017), New Zealand (New 
Zealand Ministry of Health, 2017), South Africa (Draper et al. 2020), Finland (UKK Institute 
for Health Promotion Research, 2019) and by the WHO (World Health Organization 2019) 
which integrate PA, SB and sleep. 
Only very recently, Canada released the first ever 24-hr movement guidelines for adults 
aged 18-64 years and 65 + years (Ross et al. 2020). These guidelines offer clear direction on 
what a healthy 24-hours looks like for Canadian adults. The guidelines suggest that adults 
should perform a variety of types and intensities of PA which include MVPA for at least 150 
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minutes per week, muscle strengthening activities at least two times per week and several hours 
of light-intensity activities (Ross et al. 2020). The guidelines recommend to limit sedentary 
time to 8 hours or less which includes no more than 3 hours of recreational screen time and 
breaking up prolonged periods of sitting often. Finally, the guidelines suggest to get 7-8 hours 
of good-quality sleep regularly with consistent bed and rise times (Ross et al. 2020). The move 
towards a 24-hour movement guideline that combines guidelines for PA, SB and sleep 
represents a paradigm shift in thinking and respects the natural and intuitive integration of 
movement behaviours across the whole day (Tremblay et al. 2016; Ross et al. 2020). This 
coupled with evidence that now highlights that the composition of one’s daily movement 
behaviours (i.e., the interaction between sleep, LIPA, MVPA and SB) has a significant 
influence on important indices of cardiometabolic health (Carson et al. 2016; Tremblay et al. 
2016) provides researchers with interesting avenues for future investigations. 
 2.4 National Subjectively and Objectively Measured Activity Levels in Youth 
The aim of section 2.4 is to provide an overview of the levels of activity behaviour in Irish 
youth. While national guidelines have been developed to promote the health benefits of regular 
participation in PA (Hallal et al. 2012; Ireland 2016) the data presented highlight that a high 
proportion of Irish children and adolescents are insufficiently active. 
2.4.1 Subjectively Measured Physical Activity and Inactivity within Irish Youth 
The Survey of Lifestyle Attitudes and Nutrition (SLÁN, 1998 and 2003) and the Irish Health 
Behaviour in School-Aged Children survey (HBSC, 2006, 2010 and 2014) are two of the most 
comprehensive studies that have continuously examined and monitored PA participation in 
Irish youth (Friel et al. 1999; Kelleher et al. 2003; Nic Gabhainn et al. 2007; Kelly et al. 2012; 
Callaghan et al. 2015). Survey data from the 1998-2010 SLÁN and HBSC studies are, 
presented in Table 2.1. The findings illustrate that the proportion of boys and girls participating 
in exercise on four or more times a week is higher during childhood (aged 9-11 years) and 
declines across the mid- (12-14 years) and late- adolescent period (15-17 years). While the 
findings acknowledge good-to-moderate participation in PA, the large decline evident during 
the mid-to-late adolescent period is worrying given that activity behaviours developed during 
adolescence tend to track over time (Telama et al. 2005). This decrease in PA participation is 
apparent between both sexes but is particularly evident across the female populations.  
Similar trends were observed in the most recently published HBSC study (Callaghan et 
al. 2015). While the levels of activity are low, encouragingly, the proportion of children who 
reported exercising four or more times per week remained stable from 49.7% in 2010 to 51.6% 
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in 2014 (Callaghan et al. 2015). Additionally, the proportion of boys who reported exercising 
remained stable from 60.1% in 2010 to 60.5% in 2014; while a slight increase was observed in 
the proportion of girls exercising (40.4% in 2010; 43.6% in 2014). Although these studies 
provide important information on PA participation, caution should be exercised when 
interpreting the results as all data were obtained using self-reported measures. Furthermore, 
participation in PA was defined as the frequency of one’s participation in exercise outside of 
class time on four or more times per week. Therefore, it did not include activity duration and 
‘exercise’ is only a subset of overall PA.  
 
Table 2.1. Percentage of the total sample (all) and females only that reported physical activity 
participation on four or more days of the week. 
 9- 11 years 12-14 years 15-17 years 
 All Girls All Girls All Girls 
SLÁN 1998 (%) 63 59 58 49 40 26 
SLÁN 2003 (%) 59 55 53 43 35 25 
HBSC 2006 (%) 64 58 59 51 42 28 
HBSC 2010 (%) 62 60 54 42 41 29 
 
In an effort to provide a national database on sport, PA participation and physical 
education in youth, the Children’s Sport Participation and Physical Activity (CSPPA) is one of 
the most recent studies to collect nationally representative self-reported PA data on school-
aged children between the ages 10 and 18 years (N = 5,397) (Woods et al. 2010). Table 2.2. 
presents the proportion of children and adolescents that achieved 60 minutes or more of MVPA 
on all days of the week. Similar to the trends reported in the HBSC studies, the proportion of 
the participants meeting the guidelines was higher among younger children and declined with 
age. In addition, girls were less likely than boys were to meet the PA guidelines, and this 
difference was evident across all age groups.  
 
Table 2.2. Percentage of Primary and Post Primary children achieving ≥60 minutes of daily 
MVPA (Woods et al. 2010). 
 Males Females All 
10-12 years (%) 27 13 19 
12-13 years (%) 24 13 18 
14-15 years (%) 16 8 12 
16-18 years (%) 7 6 6 
 
The most recent CSPPA results were released in 2019, and highlighted that only 13% 
of Irish children met the recommended levels of PA (17% primary, 10% post-primary school 
children) (Woods et al. 2019). These proportions have decreased since the 2010 study and the 
differences between males and females is still apparent. Since the 2010 study, the proportion 
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of primary school boys meeting the recommendations dropped from 27-23%. These findings 
are comparable to other national studies including the 2004 Economic and Social Research 
Institute (ESRI) report (Fahey et al. 2005) and the TAKE part study (Woods et al. 2009). 
Comparisons of this data with data reported from the HBSC studies should be interpreted with 
caution. While all studies have reported low levels of PA within Irish youth, some of the 
reported differences could be the result of: (i) the various sampling methods utilised; (ii) the 
use of different PA categorisation criteria (HBSC generally used the frequency of activity); 
and/or, (iii) variation in the methodological approaches undertaken. This highlights the need 
for more standardised and rigorous measurement methodologies. Implementation of such 
methodologies is imperative when different categorization criteria and measurement methods 
are utilised. 
2.4.2 Subjectively Measured Sedentary Behaviours and Physical Inactivity within Irish 
Youth 
SB and physical inactivity have been measured within populations of Irish youth. The most 
recently published CSPPA 2019 report observed that primary school children and adolescents 
engaged in just over 5 and 6 hours per day of sedentary time respectively (Woods et al. 2019). 
Additionally, 63% and 42% of the included primary- and post-primary pupils met the screen 
time guideline of not more than 120 minutes per day. The assessment of screen time within this 
national study is a positive step in the right direction, however; as the results were self-reported, 
caution should be exercised when interpreting them, at least until more precise (i.e., objective) 
measures are used for the surveillance of SB. 
Physical inactivity is associated with many adverse health conditions (Bauman et al. 
2009). The levels of physical inactivity were measured in the SLÁN and HBSC cohorts only. 
Physical inactivity was defined as participating in exercise less than one day per week. In 1998, 
2003, 2006, 2010 and 2014, 6%, 12%, 10%, 9% and 9% of Irish adolescents aged between 9-
17 years were deemed inactive according to each of the respective HBSC reports (Friel et al. 
1999; Kelleher et al. 2003; Nic Gabhainn et al. 2007; Kelly et al. 2012; Callaghan et al. 2015). 
Of greater concern is the dramatic increase in inactivity levels within older Irish females across 
time. This information (years 1998-2010 only) is presented in Table 2.3. Data within the 2014 
HBSC report was limited, but illustrated similar inactivity trends suggesting that across 
adolescence a higher proportion of girls (11%) than boys (7%) report engaging in exercise less 
than weekly (Callaghan et al. 2015). The subjective nature of these estimates raises doubts as 
to their validity. The lack of reliable estimates of inactivity levels within the Irish context 
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remains a major public health concern, given that the estimated contribution of physical 
inactivity to the burden of chronic disease in Ireland is, 8.8% for coronary heart disease, 10.9% 
for type 2 diabetes, and 15.2% for breast cancer and 15.7% for colon cancer (Lee et al. 2012). 
 
Table 2.3. Percentage of youth that reported physical activity participation on less than one 
day of the week. 
 9- 11 years 12-14 years 15-17 years 
 Boys Girls Boys Girls Boys Girls 
SLÁN 1998 (%) 4 4 3 3 5 13 
SLÁN 2003 (%) 8 8 7 8 8 21 
HBSC 2006 (%) 7 8 4 8 9 22 
HBSC 2010 (%) 4 7 4 10 8 19 
 
2.4.3 Objectively Measured Physical Activity and Inactivity within Irish Youth 
There is limited information on objectively measured levels of PA within the Irish context. The 
majority of research that has examined activity levels in youth is limited by small sample sizes 
(Harrington et al. 2014) and the variety of devices of differing quality used to objectively 
measure activity behaviour (Dowd et al. 2012a). For this reason, caution is warranted when 
interpreting the results.  
Using heart rate monitoring as an objective tool to estimate PA participation, data from 
a sample of 28 Irish children aged between 12-15 years reported that none of the included 
participants were moderately active for at least 60 minutes per day, despite the self-report data 
inferring that 11% actually met the requirements for activity (Shiely and MacDonncha 2009). 
Research that has employed accelerometry as a measure of PA in Irish youth is sparse (Dowd 
et al. 2012b). One largescale study (N = 715) that was carried out as part of the “Y-PATH; 
Youth Physical Activity Towards Health” initiative used a hip mounted accelerometer 
(ActiGraph) to examine daily PA patterns in Irish adolescents aged between 11.8-14.4 years. 
Overall, 32.4% of the adolescent participants met the 60 min/day guideline and significantly 
more males achieved the guidelines when compared to their female counterparts (41.4% versus 
22.7% respectively) (Belton et al. 2016). 
Accelerometer data was obtained in a sub-sample of youth within the previously 
mentioned CSPPA 2010 study (N = 293, 70% female, aged 12.5 years ± 2.1). According to the 
objective measurement analysis, approximately 19% of the population achieved the PA 
recommendations. The sole purpose for including the objective measure was to validate the 
self-report PA questionnaire and so detailed accelerometer methodologies or detailed 
accelerometer output have not been reported (Woods et al. 2010). While objective measures 
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have been used to determine if participants achieve the PA guidelines or not, the original PA 
guidelines were in fact developed based on self-report data. Based on this, researchers need to 
be cautious when interpreting surveillance statistics. Use of objective measures that are deemed 
accurate and reliable will remove some of the imprecision and biases that exist when using 
self-reported measures to inform PA guidelines (Dowd et al. 2018).  
2.4.4 Objectively Measured Sedentary Behaviours within Irish Youth 
There is limited information reporting objectively measured SB levels of Irish youth. Using a 
gold-standard measure of SB, Dowd and colleagues highlighted that a group of Irish female 
participants (N = 195; mean age = 15.7 ± 0.9 years) spent 65% of their waking day sedentary. 
Comparison of this data is difficult as the primary aim of the study was not to solely measure 
the levels of activity but to examine the association between inclinometer-determined SB, PA 
and adiposity (Dowd et al. 2014). To date, only one study has employed an inclinometer-based 
accelerometer to examine the cross-sectional levels and patterns of SB in Irish adolescents. 
Harrington and colleagues demonstrated that female adolescents aged between 15-18 years 
spent approximately 19 hours per day in sitting or lying behaviours (Harrington et al. 2011a). 
As there is growing evidence on the deleterious association between SB and indices of health 
in youth, the data from these studies highlight SB as a major public health concern. Based on 
the evidence presented, it is clear that more large-scale national studies using objective 
measures are required to determine and assess the current levels SB before one can begin to 
inform targeted interventions, research or policy. 
2.4.5 National Policy Implications Based on the Current State of Knowledge: Measurable 
Action Required 
Strategies and interventions focusing on increasing PA and reducing inactivity should be 
complemented by support from national government, stakeholders and policy makers. In 2016, 
the Irish government released its first ever, National PA Plan, (Ireland 2016). A key 
performance indicator of this plan was to increase the proportion of children achieving at least 
60 minutes of daily MVPA by 1% per annum and to decrease the proportion of children who 
do not achieve the recommendations by 0.5% per annum. To achieve this, appropriate 
surveillance and evaluation of indicators related to PA in youth was necessary. With that, the 
2014 and 2016 Ireland North and South Report Card on PA for Children and Youth was 
initiated to monitor and better evaluate the levels of PA participation in Irish youth (Harrington 
et al. 2014; Harrington et al. 2016). The aim of both reports was to implement a common 
framework for the surveillance of indicators related to PA. The grade for overall PA increased 
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from D- in the 2014 to a D in the 2016 edition of Ireland’s report card. While the change in this 
grade is promising, more than half of the children of Ireland are still not meeting the 
recommended levels of PA (Harrington et al. 2016). The report card working group concluded 
that the majority of the studies included in the report card were from self-report methods which 
are not without their limitations (see Section 2.7.1.). In addition, the authors highlight that the 
heterogeneity on how indicators of PA were assessed across studies made comparison difficult. 
The working group highlighted that before we can begin to see an improvement in the health 
and wellbeing of Ireland’s current and future generation’s urgent, measurable action is required 
(Harrington et al. 2014; Harrington et al. 2016).  
2.4.6 Section Summary: National Findings – Identifying the Research Gap 
Broadly speaking, national subjective and objectively measured data report that levels of PA 
decline throughout adolescence. As Irish adolescents age, the decrease in MVPA levels is 
mirrored with increased inactivity. This is particularly evident among female adolescents as 
they transition from mid-to-late adolescence. The sparsity of literature reporting the levels of 
SB within Irish youth highlights this as a priority research area. While the self-reported data 
has indicated that the majority of adolescents were moderately physically active at national 
recommended levels; Shiely and MacDonncha (2009) illustrate that compliance with national 
PA guidelines was conflicting when both self-report and objective methods were used. This 
suggests that self-report data should be interpreted with caution.  
2.5 International Objectively and Subjectively Measured Activity Levels in Youth 
The aim of section 2.5 is to provide an overview of the International levels of activity behaviour 
in youth populations. While global PA guidelines have been developed, the data presented 
highlight that a high proportion of the world’s youth population are insufficiently active for 
heath (Hallal et al. 2012; Ireland 2016). 
2.5.1 International Subjectively Measured Physical Activity and Sedentary Behaviours 
Youth 
The measurement of activity behaviour is complex (see Section 2.7.) and repeated measures 
with time are rare (Hallal et al. 2012). So far, two of the most comprehensive self-report PA 
surveillance studies in youth are; the HBSC and the Youth Risk Behaviour Surveillance Survey 
(YRBSS). The HBSC, a WHO cross-national study is one of the largest studies conducted in 
42 countries and regions across the WHO European region and North America (Inchley and 
Currie 2013). The YRBSS 2017 report summarises data from 39 state and 21 large urban school 
district surveys from the United States (Kann et al. 2018).  
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Data from the most recent European HBSC report highlights that global levels of 
adolescent PA are generally low with under 50% of young people meeting the current activity 
guidelines. It observed that the time spent being physically active declines throughout the 
adolescent period, with 25% of 11 year olds and 16% of 15 year olds meeting the 
recommendations. This significant decrease was observed in both boys and girls in most 
countries. To assess SB, the HBSC participants were, asked to report how many hours per day 
they usually spent watching TV, videos, DVDs and on other screen time entertainments on 
weekdays. Daily screen time of two hours or more increased across adolescence for both sexes. 
The average percentage increase from age 11 to 15 years was 13% for boys and 16% for girls 
(Inchley and Currie 2013).  
The most recent US YRBSS (2017) reports similar PA trends to those reported in the 
HBSC survey. In brief, the percentage of adolescents achieving the PA guidelines decreased 
across grade years and the rate of decline was higher among female students. The proportion 
of adolescents achieving at least 60 minutes of MVPA on 7 days decreased from 30.6 % in 9th 
grade to 22.9% by 12th grade. A higher proportion of students (45.5%) achieved the 
recommended levels of PA on five or more days of the week. Furthermore, 15.9% of the 
participants had not been physically active for a total of at least 60 minutes on at least 1 day 
during the previous 7 days (Kann et al. 2018). When TV viewing was assessed as a proxy 
measure of SB, 20.7% of students reported watching television for three or more hours per day 
and the trends were similar for males (20.8%) and females (20.6%) across adolescence. While 
the prevalence rates identified using these large-scale surveillance studies are based primarily 
on self-report/recall methods and even though screen-time only represents one sedentary 
activity from one domain, the findings still highlight adolescence as a key period for 
intervention. 
2.5.2 International Objectively Measured Physical Activity in Youth 
Over the past 20 years the application of accelerometers within large-scale population-based 
surveillance studies has been achieved worldwide (Trost et al. 2005). The National Health and 
Nutrition Examination Survey (NHANES) 2003/2004 was one of the first large scale studies 
to provide objective data on measures of PA in a US nationally representative population (N = 
7176) (Troiano et al. 2008). For the purpose of this literature review, only data reporting 
activity information on 1778 children and adolescents between the ages of 6-19 years will be 
presented. For the objective assessment of PA, participants were required to wear an ActiGraph 
(ActiGraph, LLC; Ft. Walton Beach, FL) hip-mounted accelerometer during waking hours for 
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seven consecutive days. The output from the accelerometer was analysed to provide: (i) 
information on the mean counts per minute; (ii) estimates of the time spent in moderate or 
vigorous PA determined using Freedson and colleagues age specific count-to-activity 
thresholds (Freedson et al. 1997); and, (iii) prevalence estimates of adherence to the PA 
guidelines. Mean accelerometry counts per minute declined with age from childhood through 
adolescence and were higher among males than females across all age groups. The proportion 
of children aged 6-11 achieving sufficient PA to meet the public health guidelines was 48.9% 
and 34.7% for males and females respectively. This declined drastically for both sexes between 
the ages of 12-15 years with 11.9% of males and only 3.4% of the female participants achieving 
the guidelines. Finally, 10% of males and 5.4% of females aged between 16-19 years attained 
sufficient MPA to achieve the guidelines (Troiano et al. 2008). Table 2.4. presents the mean 
total minutes of MPA and VPA for males and females from childhood through adolescence. 
The levels of both moderate and vigorous PA decline with age, especially within the female 
population. 
 
Table 2.4. Total minutes of objectively measured moderate and vigorous physical activity in a 
US nationally representative sample of children and adolescents (Troiano et al. 2008). 
 6-11 years 12-15 years 16-19 years 
 Males Females Males Females Males Females 
MPA (min.d
-1
) 79.5 65.1 39.2 21.7 29.8 18.5 
VPA (min.d
-1
) 16.0 10.1 6.0 2.9 3.0 1.1 
 
Within the European context, the European Youth Heart Study (EHYS) examined the 
levels and patterns of PA in a sample of 2185 children aged 9-15 years from Norway, Denmark, 
Portugal and Estonia (Riddoch et al. 2004). The findings reported were similar to those 
reported in the US NHANES study. Mean accelerometer counts per minute declined with age 
from age 9 to 15 years and were higher among males than females across all age groups. With 
respect to MVPA, sex differences were apparent with males more physically active than their 
female counterparts at age 9 (192.0 versus 160.0 minutes per day) and 15 years (99.0 versus 
73.0 minutes per day). In addition, there was a marked reduction in the proportion of the 
population achieving sufficient PA to meet the public health guidelines over the adolescent 
years and this was particularly evident in females (Riddoch et al. 2004). 
2.5.3 International Objectively Measured Levels and Patterns of Sedentary Behaviours 
in Youth  
Matthews and colleagues were one of the first research groups to provide unique insight into 
the levels of SB in the US (Matthews et al. 2008). They processed the 2003/2004 NHANES 
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using similar procedures to those presented by the previously mentioned study by Troiano et 
al. (2008). SB was identified by calculating the amount of time accumulated below a count-to-
activity threshold of 100 counts.min-1. Table 2.5. presents the mean hours spent in SB from 
childhood through adolescence. Across the age ranges reported, children aged between 6-11 
years were the least sedentary but by the age of 16-19 years both sexes had increased their 
sedentary time by 2 hours. Females were significantly more sedentary than males during the 
three reported stages of youth. While the results reported from this study improved the 
precision of the estimates of SB in the US population, the authors conclude that consideration 
should be given to the patterns in which SB is accumulated (Matthews et al. 2008). 
 
Table 2.5. Total hours of objectively measured sedentary time in a US nationally representative 
sample of children and adolescents (Matthews et al. 2008). 




Males Females Males Females Males Females 
6.00 6.14 7.37 7.70 7.91 8.13 
 
 Since the work of Matthews and colleagues, Carson and Janssen (2011) examined the 
volume and patterns of objectively measured SB and MVPA in a cohort of 2527 (50.8% males) 
children and adolescents aged 6-19 years using collective data from the 2003/2004 and 
2005/2006 cycles of NHANES (Carson and Janssen 2011). The time spent engaged in SB and 
MVPA was determined as per the aforementioned methods reported by Matthews and Troiano 
(Matthews et al. 2008; Troiano et al. 2008). The findings of this study highlighted that the child 
and adolescent participants spent 50.8%, 43.8% and 4.1% of their waking hours in SB, low-
intensity activity and MVPA respectively. When the patterns of SB were examined, 
participants spent 24.5% of their waking day in sedentary bouts ≥ 30 minutes. The average 
length per sedentary bout was 64.5 minutes (Carson and Janssen 2011). 
Within the European context, the Healthy Lifestyle in Europe by Nutrition in 
Adolescence (HELENA) study collectively examined objectively measured sedentary time and 
PA in a sample of 1808 adolescent females aged between 12.5-17.5 years from 10 European 
cities (Martinez-Gomez et al. 2011). Sedentary time and the time spent in MVPA was 
calculated using the standardised cut-off points of ≤ 100 and ≥ 2000 counts per minute. The 
findings of this study concur with those of the EHYS and NHANES studies highlighting that 
adolescent males are more active and attain the recommended levels of daily activity more 
often than their female counterparts attain. Furthermore, female adolescents were highlighted 
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as a particularly sedentary group with 73.2% of the adolescent females spending more than 
69% of their waking time in sedentary activities (Martinez-Gomez et al. 2011).  
2.5.4 Critical Considerations for Interpreting the Results of Youth Surveillance Studies  
To address the large discrepancy in outcomes released by accelerometer data, Cooper and 
colleagues processed ActiGraph accelerometer data from twenty studies in ten countries (N = 
27,637). The data were accessed through the International Children’s Accelerometry Database 
(ICAD), which is one of the largest projects to pool, and reduce raw accelerometer data in an 
effort to standardise data processing procedures globally. While the data presented within the 
previous sections provides important information regarding objectively measured levels and 
patterns of PA and SB, it must be acknowledged that true levels of activity behaviours are 
difficult to assess, especially in cross-country comparisons. To illustrate, a review by 
Guinhouya et al. (2013), highlights that the use of various count-to-activity thresholds across 
studies may hinder and/or distort decisions regarding the establishment of priorities for the 
promotion of PA. For example, when using a threshold of > 1000-1500 counts/min, up to 100% 
of youth are deemed physically active. When a threshold of > 2000 counts per minute is used 
approximately 87% of the European youth population are deemed sufficiently active to meet 
the guidelines. Finally, when a threshold of > 3000 counts per minute was used across studies, 
only 3-5% of the population were considered active with reference to the current guidelines 
(Guinhouya et al. 2013).  
The findings of Cooper et al. (2015) highlighted that that PA was consistently lower in 
females; activity counts per minute were progressively lower in girls compared to boys, 
especially during mid-to-late adolescence. Similar trends were observed for the percentage of 
time spent in MVPA. Finally, simultaneous with the decrease in PA across adolescence, LIPA 
decreased while sedentary time increased. While the ICAD initiative provides objectively 
measured data on the activity levels of over 27,000 children from 20 international studies, it 
only included studies that used an ActiGraph accelerometer. The ICAD initiative highlights 
that it is possible to create an international archive of accelerometer data; however, the absence 
of data from other devices is a limitation. Providing accelerometer data from a substantial 
sample of youth using a range of devices with standard processing methodologies has the 
potential to; (i) standardise analytical methods, (ii) increase statistical power; and, (iii) create a 
more representative and heterogeneous sample (Sherar et al. 2011). Such data has the potential 
to increase our knowledge of the current levels and patterns of activity behaviours and to 
determine the strength of the relationships between PA and health. The data presented in 
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Chapter Five aimed to address this limitation by simultaneously developing, validating and 
cross-validating count-to-activity thresholds for five commonly used activity monitors. The 
study expands the current PA literature as it provides PA researchers with the tools to further 
harmonise activity data collected from different studies using different devices. 
2.6 National and International Objectively and Subjectively Measured Activity Levels in 
Adults 
The aim of section 2.6 is to provide an overview of the National and International levels of 
activity behaviours in adults. While global PA guidelines have been developed the data 
presented highlight that a high proportion of the world’s adult population are insufficiently 
active for heath (Hallal et al. 2012; Ireland 2016). As the primary focus of this thesis is on 
youth populations, a brief overview of key studies within adult populations will be presented.  
2.6.1 National Physical Activity, Physical Inactivity and Sedentary Behaviour Levels in 
Adults  
Within an Irish context, findings from the SLÁN study highlight that 41% of the adult 
participants that responded reported engaging in moderate and/or strenuous exercise three or 
more times per week (Morgan et al. 2008). Similarly, the Healthy Ireland Summary Report 
(2019) identified that 46% of the adult Irish population are achieving the minimum level of 
activity of at least 150 minutes per week which is a slight increase (2% increase) from the 2015 
report. The results highlight that the prevalence of activity decreases across time with ~ 61% 
of those aged between 15-24 years achieving the guidelines and only 18% of those aged 75 
years and older achieving them. Sex differences were apparent, with 54% of men and only 38% 
of women achieving the guidelines. Interestingly, the sex gap was widest as people transitioned 
from late adolescence through young adulthood, with 71% of men aged between 15-24 years 
and 51% of females achieving the guidelines.  
For SB, respondents were asked to report the average number of hours they spent 
sitting. This was reported to be 5.1 hours per weekday and 4.4 hours on the weekend.  Those 
in the youngest age group (15 to 24) and the oldest age group (75 or older) spend the longest 
average time sitting on a weekday (6.1 hours and 5.9 hours respectively). While these figures 
give a representation of the levels and patterns of PA and sedentary time within an Irish context, 
the data were collected using self-report methodologies, which have the potential to inflate the 
results (Department of Health 2019). 
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2.6.2 International Physical Activity, Physical Inactivity and Sedentary Behaviour Levels 
in Adults  
Within an international context, Bauman and colleagues examined the prevalence of PA across 
20 countries using the International Physical Activity Questionnaire (IPAQ). It appeared that 
the prevalence of low PA ranged between 9-43% while the prevalence of high PA ranged from 
21-63% (Bauman et al. 2009). Generally, males were more active than females and the levels 
of activity declined across adulthood. Similar findings were reported by Hallal and colleagues 
(2012) based on data from 122 countries using the WHO’s global health observatory 
repository. They highlighted that just over 30% of the included adults were sufficiently active 
to meet the requirements for health and this declined with age (Hallal et al. 2012). Haskell and 
colleagues (2007) examined the rate of decline of PA over time and observed similar findings, 
whereby just under 60% of the included young adults aged between 15-24 years achieved the 
guidelines and this declined to 39% for those aged 65 years and older (Haskell et al. 2007).   
With regard to SB, Bauman and colleagues have reported that the median sitting time 
for adults aged 18-65 years across 20 countries was estimated to be 300 minutes/day (Bauman 
et al. 2011). More recently, Loyen and colleagues in their systematic review estimated that 
adults spend approximately 150-600 minutes per day sedentary. The large ranges reported 
highlight that the data should be interpreted with caution and as a result, there has been a call 
for more standardised measurement methods for the measurement of SB in adult populations 
(Loyen et al. 2016). While these studies provide important information, the wide ranges 
reported could be the result of a myriad of factors relating to measurement inaccuracies (see 
Section 2.7.) which strengthens the argument for more robust measures of assessment. 
2.6.3 Section Summary: International Findings – Identifying the Research Gap 
The international subjective and objectively measured data reported from Sections 2.5. and 2.6. 
highlight that, levels of PA are low and they continue to decline throughout the lifespan. The 
levels of sedentary time appear to be high and increase with age. Both the subjective and 
objective studies presented herein identify mid-to-late adolescence and young adulthood as key 
areas for intervention. To date, studies assessing the levels of PA and SB have only 
incorporated studies that either look at adolescent cohorts or adult cohorts. Consequently, the 
transition from adolescence to young adulthood is a poorly understood period. Understanding 
how PA and SB track between these periods may illuminate adolescent determinants of adult 
activity behaviours. With that, Chapter Three of this thesis contributes to the research area by 
systematically reviewing the available evidence on the tracking of PA and SB in both males 
 58  
 
 
and females from adolescence to young adulthood. It is clear from sections 2.4., 2.5. and 2.6. 
of this review and Chapter Three, that a large body of research now exists on the measurement 
of subjectively and objectively measured activity behaviour. However, considerably more 
standardised measurement methods and analysis techniques are required, especially for the 
measurement of physical activities on the lower end of the PA intensity continuum (Loyen et 
al. 2016). 
2.7 The Measurement of Activity Behaviours 
While the associated benefits of PA for health and disease prevention are well documented, 
accurate and reliable assessments of activity still remain an important challenge (Troiano 2005; 
Ekelund et al. 2011). Currently, a wide variety of assessment tools are used to measure activity 
behaviours across the lifespan. The most common instruments are self-report measures 
including parent/teacher proxy reports and PA questionnaires (Ainsworth et al. 2015) and 
objective measures such as doubly labelled water (DLW), calorimetry, heart rate monitors, 
accelerometers, pedometers and direct observations (Migueles et al. 2017). Each instrument 
has strengths and limitations but generally they measure different components of PA with 
varying levels of precision (Loprinzi and Cardinal 2011; Butte et al. 2012). The valid and 
reliable measurement of activity is crucial to provide more definitive evidence regarding; (i) 
the association between activity parameters and health risk; (ii) the optimal dose required to 
elicit health benefits; (iii) the determinants of activity behaviour; and, (iv) the impact of 
interventions (Loprinzi and Cardinal 2011). As this thesis focuses on the objective 
measurement of PA and SB and their relationship with indices of health, section 2.7. will 
predominantly focus on current objective measurement modalities used within this field of 
research. To provide context for the role of, and the need for objective measurements, 
subjective measures will only be briefly discussed.  
2.7.1 Subjective Measures of Physical Activity 
Historically, the assessment of activity behaviours has been facilitated through the use of 
subjective measurement tools such as self-report questionnaires, PA diaries, interviews and 
direct observation (Ainsworth et al. 2015). The use of such instruments has contributed 
substantially to understanding the associations between PA and health risk (Sylvia et al. 2014). 
Self-report questionnaires rely on one’s recall ability to measure their activity (Sylvia et al. 
2014). PA diaries require participants to record their PA in real time (Trost 2007). For direct 
observation, an independent observer assesses and records one’s PA (Hills et al. 2014). These 
self-report measures of PA are predominantly used in epidemiological research as they are of 
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low burden, practical, highly versatile, cost-effective and provide important contextual 
information regarding the domain and mode of activity (Sylvia et al. 2014). They are however 
limited, as they are less robust for measuring energy expenditure (EE) and activities at the 
lower end of the PA intensity spectrum. They are highly influenced by external factors 
including social desirability bias, recall bias, age and seasonal variation (Sylvia et al. 2014). In 
addition, valid measurement of self-assessed PA can become challenging especially in very 
young children (< 5 years) due to cognitive limitations (Sallis 2000), and the 
intermittent/sporadic nature of their activity behaviours (Corder et al. 2008). As an alternative, 
proxy reports from parents or teachers are used to rank order a young person’s activity pattern. 
While this approach is useful, inaccurate estimates regarding the volume and intensity of 
activity is a major shortcoming of this method (Cliff et al. 2009).  
Considering the limitations of self-reports, Dhurandhar et al. (2015) advocate that self-
report measures are poor and unacceptable for use in scientific research. Moreover, it is 
important that PA researchers recognise that subjective and objective measures have distinct 
strengths that may be complementary but their outcomes should not be used interchangeably 
(Troiano et al. 2014). To date, it appears that no single best subjective measure that can assess 
all aspects of activity behaviour. Therefore, the choice of instrument tool is dependent on: (i) 
what aspect of PA the researcher intends to measure; (ii) the target population; and, (iii) 
whether estimates are derived for groups or individuals. With that, the IPAQ which was 
developed to measure health-related PA is the most common self-report questionnaire validated 
for use in both youth and adult populations (Hagströmer et al. 2008; van Poppel et al. 2010). 
Despite the many shortcomings and given the lack of feasible alternatives, subjective measures 
are so far the only available method for assessing the mode and domain of PA behaviour 
(Corder et al. 2008; Ekelund et al. 2011). 
2.7.3 Objective Measures of Physical Activity 
2.7.3.1 Doubly Labelled Water 
Due to its precision and accuracy, the DLW technique has been deemed “gold-standard” for 
the assessment of free-living EE in humans (Schoeller 1988; Park et al. 2014; Westerterp 
2017). There are two basic protocols for administering DLW, the two-point approach and the 
multi-point approach. The choice of protocol is based on the investigators preference for 
precision of the method (Park et al. 2014). The multi-point protocol is similar to the two-point 
protocol but it requires the collection of daily urine samples for the entire duration of the 
observation period (Butte et al. 2014). An advantage of the two-point approach is that it uses 
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fewer samples and provides a more precise estimate of total EE under conditions where day-
to-day variation in water turnover and/or EE occur. The multi-point protocol has the advantage 
of assessing variances in EE for sub-periods over the observational period (Ainslie et al. 2003). 
This section provides information on the application of the DLW method in terms of protocol 
development, isotope dose, sample collection and analysis, and the derivation of EE from the 
results obtained. 
A typical protocol begins with the collection of a baseline urine sample prior to isotope 
dose administration. The participants are then administered a standard amount of DLW 
containing a predetermined dose of two stable isotopes, heavy hydrogen (2H) and heavy oxygen 
(18O). The collection of the next urine sample occurs after the participant has consumed the 
DLW and the isotopes have reached equilibrium with total body water (Schoeller 1988; 
Westerterp 2017). Most studies allow 3-6 hours for steady state enrichment of the body water 
to be achieved (Ndahimana and Kim 2017). Over the measurement period, the isotopes decline 
and the difference in the washout kinetics of both isotopes are determined (Trost 2007). The 
difference between the rate of elimination of the isotopes reflects the rate at which carbon 
dioxide (CO2) is produced which can be used to determine EE (Ainslie et al. 2003). The 
deuterium (2H) isotope is eliminated via water only and the oxygen isotope (18O) is eliminated 
via CO2 and water (Schoeller and Van Santen 1982; Schoeller 1988). To assess the rate of CO2 
production (rCO2), the difference between the rates of elimination of 
2H and 18O is calculated 
over the measurement period using the following formulae (where ko and kh (day 
-1) are the 
respective elimination rates of 2H and 18O) (St-Onge et al. 2011):  
 
rCO2 (mol/day) = 0.4554 x Total Body Water (mol) x (1.007 ko – 1.041 kh). 
 
Total EE is then, derived using the rate of CO2 production and a modified version of Weir’s 
formulae (where FQ is the food quotient) (St-Onge et al. 2011). 
 
Total EE (Kcal/day) = 22.4 x (3.9 x [rCO2/FQ] + 1.1 x rCO2) 
 
The most commonly used protocol to estimate EE using the DLW method is the 
modified version of the two-point method in which five samples are collected (sample 
collection intervals can range from anywhere between 3 and 21 days) (Park et al. 2014). To 
determine the elimination rates of the isotopes and to estimate EE the samples are analysed 
using isotope-ratio mass spectrometry using the procedures outlined above (St-Onge et al. 
2011).  
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The unobtrusive, non-invasive nature of the DLW technique makes it suitable for use 
in free-living environments with minimal burden on participants (Trost 2007; Schoeller 2009). 
Currently, the technique is applicable in a wide range of populations including infants, children, 
clinical populations, pregnant women and the elderly (Hills et al. 2014). An important 
illustration of the utility of the DLW technique is its use to validate other methods for 
measuring free-living PA including heart rate monitoring (Brage et al. 2015), self-report 
methods (Calabro et al. 2015) and accelerometry (Ekelund et al. 2001). Despite its clear 
advantages, the DLW method is not without some limitations. A limitation of the method is 
that it is expensive, this is due to the high cost of isotopes and the requirement for sophisticated 
laboratory-based equipment and expert personnel to analyse the biological samples (Levine 
2005; Hills et al. 2014). While the technique provides an accurate estimation of average daily 
EE over the measurement period, it does not provide any specific details regarding the type, 
intensity, frequency or duration of PA accounting for this EE (Trost 2007; Schoeller 2009; Park 
et al. 2014; Westerterp 2017). Nevertheless, this technique provides the most precise and 
closest measure to free-living EE, and thus it is an extremely valuable reference technique for 
validating estimates of EE obtained by other methods, which are a low cost alternative for use 
in this field of research (Ndahimana and Kim 2017). 
2.7.3.2 Direct Calorimetry 
Fundamental to understanding direct calorimetry is the law of the conservation of energy, 
which states that, the energy of an isolated system can neither be created nor destroyed but it 
is merely converted from one form to another (Kenny et al. 2017). The human system operates 
in a similar manner whereby energy is continuously converted to different forms (Levine 
2005). For example, the nutrients we ingest are stored and broken down using chemical energy, 
when PA is performed this chemical energy is converted to mechanical energy. Thus, the 
metabolic processes that occur within the body result in heat production and can be measured 
via direct calorimetry (Kenny et al. 2017). The direct calorimetry technique specifically 
measures total heat loss from the body using a calorimeter (Hills et al. 2014; Ndahimana and 
Kim 2017). It is the most precise means of measuring human metabolic rate (Kenny et al. 
2017). Typically, the direct calorimetry technique involves placing the participant into a small 
chamber that is thermally isolated from the environment and the total heat dissipated through 
evaporation, radiation, conduction, and convection is, recorded accurately by expert personnel 
(Ainslie et al. 2003; Levine 2005).  
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Despite the high level of accuracy associated with this measurement method, direct 
calorimeters have never gained widespread use in PA and health-related research (Levine 
2005). This is mainly due to the technical challenges and high costs associated with 
establishing, operating and maintaining them (Kenny et al. 2017; Ndahimana and Kim 2017). 
Although a valid and reliable measure of EE, the direct calorimetry technique is extremely 
expensive, requires a high level of expertise and knowledge from the investigator and it does 
not provide more accurate results than less expensive indirect calorimetry methods (Levine 
2005). Additionally, due to the physical constraints imposed by the size of the chamber, the 
direct calorimetry method limits an accurate estimate of free-living PA (Hills et al. 2014). For 
that reason, an exhaustive description of the different types of direct calorimeter have not been 
discussed in the present review, only indirect calorimetry and its extensions will be discussed.  
2.7.3.3 Indirect Calorimetry 
Indirect Calorimetry measures the amount of heat produced by the body indirectly through 
examining the amount of substrate used and by-products generated (Gupta et al. 2017). 
Specifically, the total EE by the body is calculated, from the volume of oxygen consumed 
(VO2) and carbon dioxide produced (VCO2) using Weirs equation (Brychta et al. 2010): 
 
EE (kcal/min) = (3.941 x VO2) + (1.106 x VCO2) 
 
There are two main approaches to the measurement of EE using indirect calorimetry; 
the open circuit system and the closed-circuit system (Levine 2005). The closed-circuit system 
consists of a sealed respiratory gas circuit that measures the concentration of gases over time 
and requires the participant to be isolated from the outside air (Ainslie et al. 2003; Levine 
2005). Within this system, the subject is required to breathe pure oxygen from the respirometer. 
As the respirometer acts as a closed system, no outside air can enter the system thus the 
participant only rebreathes the gas within the system (Ainslie et al. 2003). The respiratory gas 
circuit contains a canister with potassium hydroxide, which continuously removes the 
participants exhaled CO2 as it passes through. Gradually, the volume of gas declines and the 
rate at which it declines is a measure of the rate of VO2 (Ainslie et al. 2003). This system works 
well for measuring basal/resting metabolic rate; however, the system is less suitable during 
strenuous exercise when there are large volumes of CO2 produced. For this reason, closed 
circuit-systems are rarely used (Levine 2005).   
The open-circuit system is more suited to measuring exercise metabolism, thus the 
relative efficiency of indirect calorimetry has led to the development of various open-circuit 
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techniques to measure EE (Hills et al. 2014). A thorough description of the methods and their 
associated advantages and limitations is provided in detail elsewhere (Ainslie et al. 2003; 
Levine 2005; Brychta et al. 2010; Hills et al. 2014). Briefly, the two main procedures in the 
open-circuit method are the ventilated open-circuit systems and the expiratory collection 
systems (Ainslie et al. 2003; Hills et al. 2014). Generally, the ventilated open-circuit systems 
are comprised with apparatus that can, pump air through the system, collect and mix expired 
air, measure flow rate and analyse the concentration of gas (Levine 2005). The expired air is 
collected using a mask, mouthpiece or canopy (Brychta et al. 2010). While ventilated open-
circuit systems have excellent precision (0.5-2% of actual), many confounding variables can 
affect their response time (anywhere from ~5-30 minutes for a ventilated hood/canopy) (Levine 
2005; Hills et al. 2014). In addition, the devices are configured to a wheeled cart thus making 
this method more suited to measure an individual’s resting metabolic rate or activities that are 
only light in intensity in a laboratory setting (Ainslie et al. 2003; Brychta et al. 2010). 
Expiratory collection systems are portable calorimeters that comprise of a mouthpiece 
or facemask connected to a one-way valve. The participants expired air enters the metabolic 
unit and the flow rate is measured and analysed at the end of each measurement period (Ainslie 
et al. 2003; Levine 2005). Two devices that are gaining credence as appropriate criterion 
measures for breath-by-breath pulmonary gas exchange (VO2 and VCO2) and energy 
expenditure are the Cosmed K4b2 and the Jaeger Oxycon Mobile portable metabolic units 
(Bassett et al. 2012). The portable configuration of this method of open circuit indirect 
calorimetry allows for the measurement of free-living PA and thus it can be employed in both 
laboratory and field-based environments with minimal expense or expertise required (Ainslie 
et al. 2003).  
Overall, indirect calorimetry is the most widely used field-based method to assess 
energy balance (Ndahimana and Kim 2017). It is less expensive and does not require expert 
personnel to use the method (Levine 2005). Within PA validation research, portable metabolic 
units such as the Cosmed K4b2 and the Jaeger Oxycon Mobile have an additional benefit as 
they can include activities of daily living. This is particularly important when validating other 
measures of PA. With that, measures of indirect calorimetry are used to validate the following 
PA instruments, accelerometers (Trost et al. 2011; Powell et al. 2017), pedometers 
(Giannakidou et al. 2012; Smith et al. 2019) and heart rate monitors (Bassett 2000; Brychta et 
al. 2010; García-Prieto et al. 2017). Indirect calorimetry is deemed an appropriate criterion for 
the measurement of minute-by-minute EE (Bassett et al. 2012). The benefits obtained through 
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using indirect calorimetry outweigh the potential disadvantages and for that reason it is highly 
recommended for the validation of free-living measures of PA (Bassett et al. 2012). 
2.7.4 Assessment of Physical Activity through Motion Sensors 
Motion sensors are electronic and mechanical devices that have the ability to detect the 
acceleration or motion of a limb or trunk, depending on the sensors site of attachment. The 
field of PA assessment is increasingly using objective methods that involve the measurement 
of biomechanical and physiological parameters in an effort to estimate PA outcomes (Corder 
et al. 2008). A variety of motion sensors exist that range in cost and complexity. However, 
within the free-living context there still remains no single gold-standard instrument that has the 
ability to objectively measure activity behaviours across that PA intensity spectrum (Ainslie et 
al. 2003; Ainsworth et al. 2015). The selection of the motion sensor used depends on; (i) the 
specific component of activity measured; (ii) the characteristics of the target population; (iii) 
the level of measurement accuracy and precision required; and, (iv) the feasibility of 
measurement (expense and logistics) (Corder et al. 2008; Butte et al. 2012). The following 
section will provide a brief overview of the most common types of wearable motion sensors 
used within the field of PA assessment including pedometers, heart rate monitors and 
accelerometers. 
2.7.4.1 Pedometers 
A pedometer is a small, lightweight, non-invasive, inexpensive motion sensor that measures 
the number of steps taken through a horizontal, spring-suspended lever-arm that moves with 
the vertical acceleration of one’s hips during ambulation (Corder et al. 2008; Sylvia et al. 
2014). To give an overall estimation of steps, piezo-electric pedometers count the number of 
zero crossings in the acceleration waveform while mechanical pedometers count the number 
of times a force exceeds a certain threshold (Corder et al. 2008; Hills et al. 2014). While the 
basic output of pedometers is in the form of steps, the distance travelled can be derived by 
multiplying the stride length by the number of steps. Caution should be exercised when using 
pedometers to assess the distance travelled as most pedometers fail to take account of 
individual differences such as gender, age, weight, height and gait speed which all influence 
stride length (Hills et al. 2014). For example, if an individual has a longer stride length, 
pedometers could underestimate the total distance walked.  
A review which examined the validity of pedometers against accelerometers, direct 
observation and self-reported PA has highlighted that pedometers correlate strongly with 
uniaxial accelerometers (median r = 0.86) and directly observed duration of PA (median r = 
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0.82) (Tudor-Locke et al. 2002). They perform poorly when validated against direct 
observation for slow ambulatory activity, suggesting they may be inappropriate for use in older 
populations (Tudor-Locke et al. 2002; Sylvia et al. 2014). They do not correlate strongly with 
direct observations for individuals with increased adiposity (Sylvia et al. 2014). When 
compared to self-reported measures of PA, the validity of pedometers varies depending on the 
population measured, the self-report instrument used and the outcome variable measured 
(median r = 0.33). Furthermore, when validated against self-reported sitting time, a weak 
inverse relationship was observed (median r = -0.38) (Tudor-Locke et al. 2002). The 
relationship between EE and pedometer output is still relatively unclear and is complicated by 
the use of different population samples and direct and indirect measures of EE (Tudor-Locke 
et al. 2002; Trost 2007; Hills et al. 2014; Sylvia et al. 2014). The findings from the literature 
suggest that pedometers are most accurate for assessing steps, less accurate for assessing 
distance and even less accurate for assessing kilocalories (Tudor-Locke et al. 2002; Crouter et 
al. 2003).  
The appeal of pedometers to objectively measure PA is their ability to accurately 
quantify ambulatory activity during walking and running specifically, as these behaviours 
require forward vertical motion (Ndahimana and Kim 2017). This coupled with their size, low 
cost and simplicity make them an attractive device for use in research (Ainslie et al. 2003; 
Ainsworth et al. 2015). The main disadvantages of pedometers include their limited storage 
capacity and lack of real time downloading capabilities (Trost 2007). Consequently, 
pedometers generally provide a value of total ambulatory activity due to their inability to 
directly record intensity (this can be computed indirectly), frequency or duration of PA (Ainslie 
et al. 2003; Trost 2007; Corder et al. 2008). The majority of pedometers are unable to record 
non-ambulatory activity or posture, cyclical movements or some forms of upper-body activity 
(Ndahimana and Kim 2017). One major limitation that occurs is that different brands of 
pedometers use various proprietary algorithms to determine step count, thus making 
harmonisation of the data problematic (Corder et al. 2008; Ainsworth et al. 2015). Despite 
these limitations, the output from pedometers may be best used to document relative changes 
in activity levels and/or as an effective intervention instrument when used a motivational tool 
for individuals (Ndahimana and Kim 2017). 
2.7.4.2 Heart Rate Monitoring 
Heart rate monitors are among the most commonly used objective measurement tools that can 
provide information on EE and the intensity, frequency and, duration of PA in free-living 
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settings (Sylvia et al. 2014). Thus, the estimation of PA using heart rate monitoring has become 
popular due to its versatility, relatively low cost and unobtrusive nature (Hills et al. 2014). 
Their use is based on the assumed relationship between heart rate, activity intensity and oxygen 
consumption. For example, a large body of epidemiological evidence has shown that heart rate 
increases linearly with the intensity of activity and oxygen consumption during MPA and/or 
VPA (Corder et al. 2008). The observed relationship between heart rate and sedentary or low-
intensity activities is more curvilinear (Ainslie et al. 2003) and thus, heart rate is not a very 
good predictor of light-intensity activity. Although several methods have been devised to 
overcome this limitation (e.g., the flex method and the activity heart rate index are used to 
identify the average heart rate during sitting, standing and light activity), they still can lead to 
erroneous results and are only acceptable for group-level comparisons (Corder et al. 2008) 
As heart rate is a physiological variable, several confounding factors can have an effect 
other than PA itself. These include, age, muscle mass utilisation, cardiorespriatory fitness, 
emotional stress, environmental conditions and temperature (Ndahimana and Kim 2017). In 
addition, the use of heart rate monitors may be limited for the assessment of some movement 
patterns (Trost 2007). This is especially true for young children, for example, when sudden 
changes in movement patterns occur the heart rate response tends to lag momentarily and can 
remain elevated even after the cessation of movement and this can mask the sporadic nature of 
their activity (Trost 2007). The loss of data and unstable readings due to discomfort and signal 
interference from other devices such as computers, motorised exercise equipment and 
household devices are additional disadvantages that have led to questions regarding the use of 
heart rate monitors in free-living studies in youth populations (Ndahimana and Kim 2017).  
Despite these limitations, heart rate monitors are still relatively popular among 
researchers in PA research. They have the ability to capture EE during activities not involving 
vertical trunk displacement which many other motion sensors miss (Sylvia et al. 2014). They 
provide objective and reliable data on the duration and intensity of activity and EE and their 
validity has been shown in both free-living and controlled settings (Ainsworth et al. 2015). 
While heart rate monitors have generally been prohibited for use in large-scale studies 
involving youth, newer devices that combine movement sensors and heart rate that provide rich 
estimates on PA and EE are now evolving (Ainsworth et al. 2015). While the development of 
these monitors are still in their infancy, they have the potential to determine the motion of 
multiple body segments and provide information on diverse characteristics of PA, which may 
be particularly applicable to youth (Corder et al. 2008).  




2.7.4.3.1 How do Accelerometers Work? 
Accelerometers are motion sensors that detect accelerations of the body and have gained 
popularity as an objective method to measure PA (Hills et al. 2014). As acceleration is the rate 
of change of velocity over a given time, accelerometers can assess the duration, intensity and 
frequency of PA as a function of body movement (Corder et al. 2008; Ridgers and Fairclough 
2011). The theoretical basis underpinning the use of accelerometers for measuring PA is that 
acceleration is directly proportional to the net external force involved (muscular force) and is 
therefore related to EE (Ainslie et al. 2003). The majority of accelerometer-based PA monitors 
consist of one or more piezoelectric accelerometers that consist of a horizontal cantilevered 
piezoelectric element with a seismic mass. When the sensor undergoes vertical acceleration, 
the seismic mass causes the piezoelectric element to bend (or compress in newer devices as 
they have integrated chip sensors with a seismic mass positioned directly over the piezoelectric 
element). These conformational changes produce an electrical signal that is directly 
proportional to the applied acceleration. The raw acceleration signal is analog/digital 
converted, filtered and summarised into discrete epochs to produce an indication of movement 
(Chen and Bassett 2005; Ridgers and Fairclough 2011; Butte et al. 2012).  
2.7.4.3.2 How is the Output Processed? 
The output from accelerometers are processed to provide information on body movements that 
are referred to as accelerometer counts. The accelerometer counts are dimensionless units 
depending on the specifications of the device, and thus are not comparable between different 
types of accelerometers (Rowlands and Eston 2007). As accelerometer counts have no 
biological meaning per se, they need to be converted to more meaningful constructs, typically 
based on intensity (Butte et al. 2012). To achieve this, accelerometer counts are validated using 
criterion measures of EE. As a result, a variety of count thresholds that relate to various 
categories of EE (including LIPA and MVPA) have been published to enable researchers to 
estimate the amount of time spent at different intensities of activity for a range of 
accelerometers (Butte et al. 2012).  
2.7.4.3.3 Are they Valid for Use in Youth and Adult Populations? 
Validation studies have observed moderate-to-strong relationships between accelerometer 
counts and oxygen consumption, PA, EE or MET’s in adult and child populations (r = 0.45-
0.93 adults; r = 0.53-0.92 children) (Trost 2007; Butte et al. 2012). However, one major issue 
with this measurement method is that the output of different accelerometer makes and models 
varies and there exists no consensus on how to select the most appropriate cut-point for the 
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determination of activity intensity (Trost 2007). For example, accelerometer count thresholds 
derived for MPA and VPA in youth can vary from 615-3,200 counts per minute even when the 
same accelerometer device is used (Corder et al. 2008). If one were to use these different 
thresholds on the same data set, it is possible to define the same group of adolescents as 
sufficiently or insufficiently active based on the current PA guidelines for health. In addition, 
a range of statistical methods have been used to calculate these activity intensity thresholds, 
which include prediction equations at predetermined physiological values (Dowd et al. 2012b), 
linear regression equations (Trost et al. 1998), two-regression equations (Crouter et al. 2006), 
random coefficients models (Treuth et al. 2004) and receiver operation characteristics (Powell 
et al. 2017). As a result of using these various analysis techniques, studies are conflicting 
regarding population levels of PA.  
2.7.4.3.4 What Type of Accelerometer Should One Use? 
Accelerometers can detect acceleration in one plane (uni-axial), two planes (bi-axial) or three 
planes (tri-axial) that represent vertical, anteroposterior and mediolateral directions (Ridgers 
and Fairclough 2011; Hills et al. 2014). The majority of early PA accelerometers were uniaxial 
and worn so that the sensitive axis was orientated to detect and quantify vertical acceleration 
(Rowlands and Eston 2007; Ridgers and Fairclough 2011; Hills et al. 2014). Over recent 
decades, technological advancements have led to the development of tri-axial accelerometers 
that measure acceleration in three orthogonal planes (X, Y and Z). These units have the ability 
to provide data for each orthogonal plane as well as a composite measure (Ridgers and 
Fairclough 2011). To compute the composite measure, tri-axial accelerometers sum the 
accelerations from the three planes to provide a sum of the vector magnitude 
((√𝑥2 + 𝑦2 + 𝑧2 )) (Chen and Bassett 2005).  
Evidence suggests that triaxial accelerometers provide a more valid assessment of PA 
when compared to uni-axial accelerometers (Welk 2005; Ridgers and Fairclough 2011; Hills 
et al. 2014). One reason for this is that tri-axial devices measure acceleration in three planes 
and thus they may be more sensitive to detect free-living activities. Therefore, the use of tri-
axial devices may be particularly advantageous in children where activity is multidirectional 
and sporadic (Trost 2007). Eston and colleagues investigated the validity of heart rate 
monitoring, pedometry, uni-axial and tri-axial accelerometry to predict the energy cost of 
children’s free-living activity. The authors of the study concluded that when compared to a uni-
axial accelerometer, the tri-axial accelerometer provided the best assessment of children’s 
activity (r = 0.78 v 0.91 respectively) (Eston et al. 1998). Using an elderly adult population, 
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Yamada et al. (2009) observed that estimated intensities of light activities were significantly 
lower when assessed using a uniaxial accelerometer compared to a tri-axial accelerometer.  
2.7.4.3.5 Potential Limitations of Accelerometers 
Like all methodologies, accelerometers have some limitations. Predominant issues with the use 
of accelerometers include their inability to provide contextual information (Sylvia et al. 2014), 
the possibility of participant reactivity (Rowlands and Eston 2007) and compliance issues due 
to wear position (Butte et al. 2012). To increase wear time and participant compliance there 
has been increased interest in monitor placement. Originally, hip-worn accelerometers were 
assumed to provide the most accurate assessment of normal ambulation (Ainsworth et al. 
2015). However, recent comparative results have observed only minimal differences in the 
accuracy between hip-worn or wrist-worn devices (Shiroma et al. 2016). This has resulted in a 
large amount of studies switching the wear position of the device to the wrist. This move to 
wrist worn devices is evident in the NHANES 2011-2014 cycles. When researchers changed 
the accelerometer wear position from the hip to the wrist they observed ~30-40% increase in 
adherence rates from the previous cycle (Troiano et al. 2014). While these figures are indeed 
promising for adherence rates, more research is warranted as some researchers still question 
the accuracy and comparability of accelerometer output obtained between wrist-worn and hip-
worn devices (Rosenberger et al. 2013).  
2.7.4.3.6 Advantages of Accelerometers 
The advantages of using accelerometers in the assessment of free-living PA outweigh their 
limitations. The technological advancements that have occurred over recent years means that 
accelerometers are objective, practical, non-invasive, valid and reliable tools that have the 
ability to quantify the frequency, duration and intensity of PA with minimum discomfort (Trost 
2007; Hills et al. 2014; Ndahimana and Kim 2017). As accelerometers have time-sampling 
capabilities, they have the ability to assess the temporal patterns and intensity of activity 
behaviours as well as total accumulated activity, an important prerequisite for successfully 
discerning the association between activity behaviours and health outcomes. Finally, 
accelerometers represent a substantial improvement over subjective self-report methodologies 
(Migueles et al. 2017) and thus remain the most effective and practical method of objectively 
measuring free-living PA.  
2.7.5 Section Summary: Physical Activity Measurement -Identification of Research Gaps 
In 2009, Rick Troiano questioned if there could be single best measure of reported activity 
(Troiano 2009). The most scientific answer to this question was/is “it depends”. Section 2.7 
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has highlighted that accurate and reliable assessment of both PA and SB remains an important 
challenge in for researchers. A range of measurement tools exist with distinct strengths and 
limitations. The choice of measurement tool depends on what exactly the researcher is 
measuring, the demographics and characteristics of the target population, the sample size and 
whether the data will be used to describe activity behaviour in groups or individuals (Troiano 
2009). To overcome the inherent limitations of subjective measurement methods, the use of 
objective measures has become the preferred method of choice when assessing activity 
behaviour (Owen et al. 2010). The examination of PA using accelerometers has increased 
dramatically, due to their relatively low cost, ease of administration and ability to accurately 
and precisely measure activity behaviours (Rowlands and Eston 2007; Bassett et al. 2012). 
Accelerometers are however, not without limitations and so their ability to accurately measure 
standing time, LIPA distinctly from sedentary patterns and behaviours has been questioned 
(Bassett 2012; Lyden et al. 2012).  
2.8 Sedentary Behaviour Measurement  
2.8.1 Subjective Measures of Sedentary Behaviour  
Over the past century, the daily physical, social and economic environments in which modern 
humans move or sit have changed dramatically (Owen et al. 2010). With that, recent advances 
in communications, transportation, domestic and workplace entertainments have reduced the 
demand for being physically active. These reductions in the environmental demands for PA 
have enabled an increase in another class of health-related behaviours. There is now large body 
of epidemiological evidence to suggest that SB is an independent risk factor for many chronic 
diseases (Owen et al. 2010).  
Before one can begin to truly ascertain the associations between sedentariness and 
health, plan effective interventions or inform public policy, accurate, precise and reliable 
measurement is required. As with PA, the majority of studies that have evaluated SB have done 
so using subjective measurement tools. Questionnaires are most commonly reported methods 
while other methods include behavioural logs, diaries and short-term recall (Healy et al. 
2011a). To date, the majority of studies that have used self-report methods have used surrogate 
measures, such as screen time as a marker of overall SB (Atkin et al. 2012). While self-report 
screen time is deemed a reliable estimate (Lubans et al. 2011; Atkin et al. 2012), it is not a 
good measure of overall SB. Screen-time only represents one sedentary activity from one 
domain and thus it fails to provide information on the accumulation of sedentary patterns which 
may important implications for health (see Section 2.15.). While a large number of self-report 
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tools are currently in use, few of them have been validated against objective measures and thus 
their accuracy and reliability has been questioned (van Poppel et al. 2010; Kang and Rowe 
2015).  
2.8.2 Validity of Subjective Measures of Sedentary Behaviour in Youth Populations 
Self-reported TV viewing time has been the predominant measure of SB in child and adolescent 
research. Bryant and colleagues reviewed methods used to measure TV viewing time in 
children and adolescents. Of the 98 included studies, 80% measured TV viewing time through 
self-report measures. Reliability coefficients were generally low to high ranging from R = 0.13-
0.98 and validity was highly variable (r = -0.19-0.88) (Bryant et al. 2007). Lubans et al. (2011) 
assessed the validity and reliability of SB measures in children and adolescents and observed 
that while self-report measures provide reliable estimates of screen time, their validity remains 
relatively untested. Of interest to note was that a large amount of studies attempted to establish 
the validity of the self-report measures by comparing results to other forms of self-report 
measures. This is problematic as it essentially involves comparing one method of unknown 
validity to another method with unknown validity. Future studies should consider validating 
self-report measures with gold-standard objective measures of SB (Lubans et al. 2011). More 
recent evidence from Atkin et al. (2012), highlights that to date, subjective approaches to SB 
measurement, e.g. questionnaires, have focused predominantly on TV viewing or other screen-
based behaviours. Typically, such measures demonstrate moderate reliability but slight to 
moderate validity. Atkin and colleagues highlight that high-quality measurement is essential in 
all elements of SB epidemiology, from determining associations with health outcomes to the 
development and evaluation of behaviour change interventions. Similar to Lubans et al. (2011), 
Atkin et al. (2012) concludes that while SB measurement remains relatively under-developed,  
new instruments show considerable promise and warrant further testing (Atkin et al. 2012). 
2.8.3 Validity of Subjective Measures of Sedentary Behaviour in Adult Populations 
In 2009, Clark et al. (2009) examined the validity and reliability of measures of TV viewing 
time and other non-occupational SB of adults. Of the sixty papers reporting the measurement 
of at least one type of leisure-time SB, TV viewing time was the most commonly measured 
and the main method of data collection was by questionnaire. Of the included studies, nine 
examined reliability and only three examined the validity of the questionnaire used in the study. 
The test-retest reliabilities were predominantly moderate-to-high, but the validity studies 
reported large differences in correlations of self-completion questionnaire data with the various 
referent measures used. Based on the findings of this review, the authors recommended that to 
 72  
 
 
strengthen future epidemiological research, the development of reliable and valid self-report 
instruments is a priority. Similarly, Healy and colleagues reviewed the reliability and validity 
of self-reported sedentary time in adults. While the strength of association between the test and 
retest measures varied, the majority of self-reported sedentary time measures showed moderate 
to high correlations. Stronger reliability estimates were evident for SB performed regularly or 
for prolonged periods of time (occupational sitting, TV sitting). The reported validity 
coefficients varied across studies (range -0.02-0.83) (Healy et al. 2011a) but are comparable in 
magnitude to previously reported PA measures (see Section 2.7.). The data from this review 
highlighted that depending on the study, subjective measures may over- or under- estimate the 
time spent sitting when compared with criterion measures (Healy et al. 2011a).  
Recently, Dall et al. (2017) created a systematic inventory of existing self-report 
measures of sedentary time which revealed that there were 37 different measures of sedentary 
available for use in adult populations however; only 4 of them had been validated against an 
objective criterion measure. The inventory highlighted that the accuracy and validity of the 
instruments needed to improve and that there was a sparsity of comparative information to 
guide researchers on the best choice of self-report measure to use. To address these issues, 
Chastin and colleagues completed a systematic comparative validation of self-report measures 
of sedentary time against a gold-standard objective measure of postural sitting (activPAL 
device). They used a systematic approach, the Taxonomy of Self-report Sedentary Behaviour 
Tools (TASST) framework that facilitated the testing and validation of specific characteristics 
of the included self-report tools and an assessment of how the combinations of these 
characteristics affects measurement characteristics. With that, eighteen self-report sedentary 
time measures that represented domains within the TASST framework were validated against 
activPAL derived average daily sedentary time. The findings highlighted that self-report 
measures of sedentary time result in large bias, poor precision (random error > 2.5 hr) and poor 
accuracy when compared with the objective measure of sedentary time (r = 0.02-0.36). The 
majority of self-report tools under-estimated sedentary time. In addition, the choice of tool used 
(e.g., proxy, direct, or a composite measure) influenced the measurement characteristics. Proxy 
measures and single item direct measures that assessed sitting time using a visual analogue 
scale showed the best precision. Finally, the recall period had little to no effect on the 
measurement characteristics. The data presented by Chastin and colleagues in combination 
with the TASST framework provide researchers with some recommendations for choosing the 
best possible self-report tool to measure SB in adult populations if an objective measure is not 
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a viable option (Chastin et al. 2018). Given the large heterogeneity of self-report assessment 
tools used within youth populations, future research should certainly consider replication of 
this process in child and adolescent populations. 
2.8.4 Advantages and Disadvantages of Subjective Measures of Sedentary Behaviour 
As with PA, subjective measures of SB have been used in large-sample observational studies 
due to their low administration costs and participant burden (Kang and Rowe 2015). One major 
advantage of using subjective measures of SB is that they have the ability identify the type 
behaviour and the context in which the behaviour occurs (Healy et al. 2011a). However, 
subjective measures are not without limitations. One of the major challenges with SB is that its 
temporal pattern is far more complex than PA. SB is omnipresent throughout the day and 
usually occurs in multiple bouts of various lengths and this makes the temporal patterning 
aspect of free-living SB difficult to assess and interpret using self-report measures (Kang and 
Rowe 2015). While continued efforts have been made to reduce measurement error in assessing 
SB, many issues remain. To overcome some of the limitations associated with subjective 
measures of SB, objective measurement methods are increasingly being used (Owen et al. 
2010; Atkin et al. 2012).  
2.8.5 Objective Measures of Sedentary Behaviour: Specific Focus on Accelerometry 
It is believed that when compared to subjective measures of SB, objective measures provide a 
more valid and reliable estimate of both the temporal pattern and total volume of free-living 
SB (Healy et al. 2011a; Atkin et al. 2012). As a result, the use of objective measures (mainly 
accelerometers) in SB research has increased dramatically. Fundamentally, there are two broad 
approaches to the measurement of SB using objective measurement tools; those that provide 
an approximation of EE (accelerometry based motion sensors) and those that measure body 
posture (Granat 2012). Both approaches are presented herein. 
2.8.5.1 Objectively Measured Sedentary Behaviour in Youth: The Cut-point Conundrum 
To date, the majority of published research that has examined sedentary patterns and 
behaviours using accelerometers has relied on the use of accelerometer derived cut-points or 
thresholds to determine SB (Owen et al. 2010). Specifically, a number of accelerometer cut-
points have been developed and proposed for defining SB in children and adolescents ranging 
from 10-1592 counts per minute (Puyau et al. 2002; Reilly et al. 2003; Puyau et al. 2004; 
Treuth et al. 2004; Sirard et al. 2005; Trost et al. 2011). Trost and colleagues evaluated the 
classification accuracy of five sets of independently developed ActiGraph cut points 
(Freedson/Trost, Puyau, Treuth, Mattocks and Evenson) using EE measured via indirect 
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calorimetry as the criterion reference standard in a group of 5-15 year-old children and 
adolescents. The results of the study highlighted that the Evenson cut-points (kappa = 0.68) 
exhibited better classification accuracy and the widely accepted sedentary cut point of 100 
counts per minute exhibited excellent classification accuracy as evidenced by the ROC-AUC 
= 0.90 (Trost et al. 2011).  
A number of accelerometer cut-points have been developed, validated and used to 
define sedentary time in children and adolescents. Generally speaking, validation studies using 
EE as the criterion measure in their validation protocols developed cut-points that were lower 
than those developed using direct observation (Atkin et al. 2012). Those that used direct 
observation as the criterion within their study protocol were potentially susceptible to inter- 
and intra-rater reliability limitations. Any observed differences in cut-points are largely due to; 
the choice of calibration activities included in the validation protocols, the use of different 
criterion measures (direct observation versus indirect calorimetry) and different statistical 
analysis methods and differing participant characteristics (Lubans et al. 2011; Atkin et al. 
2012). For these reasons, researchers should exercise caution when interpreting the results. 
Currently, SB research in youth has been limited by: (i) the lack of consensus on the 
most accurate cut-points to derive sedentary time; (ii) the unknown effects of accelerometer 
wear position (i.e. wrist versus hip); and, (iii) the accelerometer output (uniaxial versus tri-
axial). To address these literature gaps, Kim et al. (2014) assessed the classification accuracy 
of a range of sedentary thresholds (100, 200, 300, 500, 800, and 1,100 counts per minute) using 
the ActiGraph GT3x worn on the wrist and hip and validated based on compendium MET 
values. The findings supported the use of the < 100 counts per minute for the determination of 
SB using the count function of the vertical axis of the ActiGraph GT3X in children and 
adolescents. The developed thresholds were highly variable depending on wear position, 
suggesting that specific thresholds are dependent on the accelerometer wear position. This has 
critical implications in circumstances for example, in NHANES where the accelerometer wear 
position changed from the hip to the wrist to promote compliance rates.  
2.8.6 Objectively Measured Sedentary Behaviour in Adults 
As with youth, the common cut-point of < 100 counts per minute is generally accepted for use 
in adult populations. Studies reporting on the validity of this cut-point are minimal in adult 
populations and thus justification for the threshold is limited (Matthews et al. 2008; Atkin et 
al. 2012).  In fact, Hart and colleagues highlighted that the use of sedentary thresholds by the 
ActiGraph accelerometer significantly overestimated free-living sedentary time when 
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compared to a valid and reliable measure of sedentary time (Hart et al. 2011). Some researchers 
proclaim that the use of the < 100 counts per minute threshold is contentious, as this threshold 
was not empirically derived (Atkin et al. 2012; Kang and Rowe 2015). Despite its widespread 
use, the < 100 counts per minute has some limitations. Kozey-Keadle and colleagues evaluated 
various cut-point thresholds developed for the ActiGraph GT3x (50, 100, 150, 200, 250 counts 
per minute) in a group of 20 overweight office workers. When compared to direct observation, 
a cut-point of < 150 counts per minute was more accurate at determining sedentary time (only 
overestimated by 1.8%) while the commonly used < 100 counts per minute underestimated 
sedentary time by 4.9%. The findings from this study highlight that researchers should be extra 
vigilant when selecting count thresholds and note that they may vary depending on the 
population.  
2.8.7 Potential Sedentary Behaviour Measurement Issues: Youth and Adults 
The appropriateness of the cut-point threshold to distinguish between SB, standing and LIPA 
is of critical importance (Kozey-Keadle et al. 2011a). A key limitation of count-based 
accelerometers when used as a measure of SB is that they are not able to distinguish between 
postures for example, standing, sitting or lying and thus they infer sedentary time from a lack 
of movement (Lubans et al. 2011). This can lead to the misclassification of low-intensity, non-
SB as sedentary. An example of this would be standing. Standing is not a sedentary activity 
but it may produce count values that are less than 100 accelerometer counts per minute 
(Hamilton et al. 2008). Consequently, by using accelerometer counts, periods of standing still 
may be misclassified as sedentary time and vice versa (Hart et al. 2011). Even though standing 
elicits minimal movement and low EE (similar to sitting/lying), it is characterised by its upright 
posture (Hamilton et al. 2008; Edwardson et al. 2017). As standing requires higher muscle 
contractile activity and given the potential physiological differences that exist between sitting 
and standing, this may have important implications for indices of health (i.e. glucose 
metabolism) (Levine 2005; Hamilton et al. 2008; Healy et al. 2011a). For this reason, count 
based motion sensors may not be the most appropriate tool for the measurement of sedentary 
time.  
2.8.8 Postural Monitors: Specific Focus on the activPAL Device 
The 2012 SBRN definition of SB includes both EE and postural elements (SBRN, 2012) thus, 
accurate measures of posture which can distinguish between sitting and standing have become 
an important criterion when measuring SB and SB patterns. One device that is gaining credence 
as a gold-standard measure for free-living SB is the activPAL PA monitor (Kozey-Keadle et 
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al. 2011a; Lyden et al. 2012; Edwardson et al. 2017; Lyden et al. 2017). The activPAL is a 
small, lightweight device worn on the mid-line of the anterior aspect of the thigh. The device 
responds to gravitational acceleration resulting from segmental movement (Ryan et al. 2006) 
and so via proprietary algorithms accelerometer derived information regarding thigh position 
and acceleration determine body postures (sitting/lying and standing), transitions between 
these postures (sit-to-stand, stand-to-sit), steps and cadence data (Grant et al. 2006; Ryan et al. 
2006; Edwardson et al. 2017). A detailed description of the activPAL device, the protocols for 
its use within an adolescent population and the procedures used to analyse the output from the 
accelerometer is presented in Chapter Five of this thesis.  
Within laboratory studies, the activPAL device has demonstrated high levels of 
agreement with direct observation for estimating the time in different postures (Grant et al. 
2006), step count (Ryan et al. 2006), static and dynamic behaviours (Godfrey et al. 2007), sit-
to-stand transitions (Grant et al. 2006) and for detecting reductions in sitting time (Kozey-
Keadle et al. 2011a). In free-living conditions, the activPAL has demonstrated excellent levels 
of agreement with direct observation for the measurement of total sedentary time (Kozey-
Keadle et al. 2011b). Moreover, Lyden et al. (2012) observed that when compared with direct 
observation as a criterion, the activPAL is a valid measure of breaks in SB while the ActiGraph 
device was not accurate for estimating breaks in sedentary time. This is of particular importance 
given that the ActiGraph device has been the measurement tool used in all studies providing 
evidence on the health benefits of breaking up sedentary time (Healy et al. 2011b). 
Consequently, the activPAL device is recommended with confidence for the examination of 
total sedentary time, and SB patterns within free-living environments (Healy et al. 2011a; 
Kozey-Keadle et al. 2011a; Lyden et al. 2012; Ridley et al. 2016).  
Edwardson and colleagues have claimed that no field-based tool can directly and 
accurately capture both the EE and postural elements of SB (Edwardson et al. 2017).  However, 
the activPAL device has the ability to accurately measure all activity intensities on the PA 
intensity continuum. It can accurately distinguish standing from stepping and is a valid measure 
of sitting in all populations (Grant et al. 2006; Ryan et al. 2006; Harrington et al. 2011b). 
Contrary to the claim made by Edwardson et al. (2017), research within an adult and a female 
adolescent population has shown that MPA and VPA can also be measured with a high degree 
of accuracy and precision using the count function of the activPAL (Harrington et al. 2011a; 
Dowd et al. 2012b; Powell et al. 2017). The validity of the activity count function of the 
activPAL has not yet been calibrated using a mixed adolescent population thus, a value 
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calibration for a combined group of male and female adolescents aged between 15 and 18 years 
is presented in Chapter Four of this thesis. The results from this chapter highlight that through 
a combination of postural detection and using counts information to derive activity intensity, 
the activPAL has the potential to accurately measure the amount of time spent in sitting/lying, 
standing, light-intensity and MVPA behaviours. 
2.8.9 Machine Learning a Novel Approach to Classifying Sedentary Time: Are We There 
Yet?  
Recently, there has been an emergence in new statistical and computational methods for 
measuring SB (and PA). Machine learning (or pattern recognition) is a new alternative to the 
previously mentioned threshold-based method of classifying accelerometer counts (Bassett et 
al. 2012). The aim of this method is to classify data based on previous knowledge or statistical 
information extracted from the data (Bassett et al. 2012). First, a motion sensor gathers 
observations that are to be classified or described. Based on these observations, a feature 
extraction mechanism computes numeric information. This numeric information is used as an 
input variable for inference schemes that perform the task of classifying or describing the 
observations (Atkin et al. 2012; Bassett et al. 2012). Usually, the classification scheme is based 
on a set of patterns that have been previously classified. In essence, the monitor is “trained” to 
recognise a particular pattern/observation.  
Machine learning techniques require value calibration studies so that the models can be 
developed based on the relationship between the monitor output and a direct measure EE or 
PA intensity (Sasaki et al. 2016). To date, only very few studies have employed these methods 
using a single accelerometer (Pober et al. 2006; Staudenmayer et al. 2009; de Vries et al. 2011). 
Using a hidden Markov model, Pober and colleagues were able to classify walking uphill, 
walking, hoovering and computer work with ~80% accuracy based on one second data from 
the uniaxial ActiGraph (Pober et al. 2006). Similarly, using the sojourn method, a machine 
learning technique that combines artificial neural networks with decision tree analysis, Lyden 
and colleagues identified that two sojourn methods improved the estimation of free-living 
sedentary time from a single hip-worn ActiGraph accelerometer compared with direct 
observation over three days (Lyden et al. 2014).  
The implementation of machine learning has had some success for predicting a small 
amount of activities or intensities. While the use of this method has indicated the potential to 
improve the classification of sedentary time in epidemiological research, the development and 
application of the processes are analytically complex (Staudenmayer et al. 2009). Furthermore, 
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the majority of studies that have used these techniques have been conducted in controlled 
environments with small sample sizes and using only a select number of pre-determined 
algorithms developed from a small few “trained” activities. As free-living activity is 
multifaceted, it remains relatively unclear how a machine learning approach would work under 
free-living conditions. Atkin and colleagues propose that more validation work (with more 
activities) is needed on large samples in free-living environments to test the utility of this 
approach in free-living conditions (Atkin et al. 2012). 
2.9 The Relationship between Activity Behaviours and Health 
The inclusion of both youth and adult populations in this thesis (and general literature review) 
is a strength. The methods included within the thesis did not incorporate the collection of 
cardiometabolic health indices for adult populations. For that reason, it is beyond the scope of 
this chapter to include a review of studies that examined the associations between activity 
behaviours and indices of health in adult populations. A brief summary of this information is 
presented in Appendix A. The aim of the following sections is to provide a brief summary of 
the best evidence statements from key systematic reviews and meta-analysis that have 
investigated the relationships between activity behaviours and indices of cardiometabolic 
health for youth only.  
2.9.1 MVPA and Cardiometabolic Health during Youth: The Evidence Summarised 
The scientific evidence available to support the relationship between PA and disease conditions 
in youth populations is far less than that available for adults, (see Appendix A for adult 
information). One reason for this is that children and adolescents do not typically develop 
disease conditions associated with physical inactivity during childhood and adolescence (for 
example, coronary heart disease, and hypertension). These diseases tend to manifest 
themselves in adulthood. The most effective method to assess the relationship between youth 
PA and health is to examine surrogate measures of future disease risk including blood pressure 
(BP), serum lipid profiles, insulin and measures of adiposity (Poitras et al. 2016). 
The current PA recommendations for health in youth populations are based on a 
systematic review of the relationship between PA and indicators of disease (Poitras et al. 2016). 
The 2018 US PA guidelines advisory committee scientific report presented best evidence 
statements that summarised the associations between activity behaviour and indices of health 
in children and adolescents. Firstly, the report provided strong evidence that increased levels 
of MVPA in children and adolescents is associated with increased cardiorespiratory fitness 
(Beets et al. 2009; Clark 2015) and increased resistance exercise is associated with increased 
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muscular fitness (Millard-Stafford et al. 2013; Vasconcellos et al. 2014). The second statement 
reported that that there was a strong body of evidence to suggest that higher levels of PA were 
associated with higher bone mass, greater bone structure and smaller increases in measures of 
adiposity and weight (Janssen and LeBlanc 2010; Nogueira et al. 2014). Moreover, the third 
statement reported that there was moderate evidence to support that PA was positively 
associated with indices of cardiometabolic health however; the evidence was stronger for 
plasma triglycerides and insulin (Janssen and LeBlanc 2010; Kelley et al. 2014; Clark 2015). 
The supporting evidence for high density lipoprotein cholesterol (HDL-C) and blood pressure 
(BP) were not as strong but still indicated potential benefits (Janssen and LeBlanc 2010; Kelley 
et al. 2014; Clark 2015). Of importance to note is that there was insufficient evidence available 
to determine the dose-response relationship between PA and health indicators in youth and 
whether the associations were moderated by age, race, ethnicity, sex, weight status, or 
socioeconomic status (US Physical Activity Guidelines Advisory Committee 2018). 
To date, several reviews have reported associations between activity behaviours and 
indices of health among youth populations (Tremblay et al. 2011b; Carson et al. 2016a; Poitras 
et al. 2016). The majority of these reviews have presented evidence that assessed activity 
through self-report measurement methodologies. In 2015, Poitras and colleagues significantly 
advanced this field of research and synthesised peer-reviewed evidence from 162 studies that 
examined the associations between objectively measured PA and health indicators in school-
aged children and youth aged between 5-17 years. The review included data on 204,171 
participants from 31 countries. Overall, the findings of this review showed favourable 
associations between objectively measured MVPA and indicators of health (Poitras et al. 2016) 
A strong consistent body of evidence supported associations between MVPA and adiposity 
(Steele et al. 2009; Carson et al. 2013b; Jiménez-Pavón et al. 2013a), cardiometabolic health 
indicators including total cholesterol (TC) (Janssen and LeBlanc 2010; Holman et al. 2011; 
Neto et al. 2014), triglycerides (Carson et al. 2013b; Neto et al. 2014), BP (Holman et al. 2011; 
Colley et al. 2012; Carson et al. 2013b), fasting insulin and insulin resistance (Butte et al. 2007; 
Rizzo et al. 2008; Sardinha et al. 2008; Hjorth et al. 2014), fasting glucose (Rizzo et al. 2008; 
Carson et al. 2013b; Neto et al. 2014) and physical fitness (Butte et al. 2007; Hjorth et al. 
2014).  
One of the key discussion points in the review by Poitras and colleagues also 
highlighted that little research has examined whether sporadic MVPA (i.e., < 5 consecutive 
minutes at a time) or MVPA accumulated in bouts impacts cardiometabolic risk. The authors 
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concluded that the few studies that did assess the relationship between MVPA bouts and 
sporadic MVPA in youth found favourable associations with adiposity, fitness and 
cardiometabolic disease risk factors (Butte et al. 2007; Holman et al. 2011). Essentially, equal 
volumes of sporadic MVPA or MVPA bouts had similar associations with the measured health 
indicators. Although limited, the reported evidence regarding sporadic MVPA and MVPA 
bouts suggests, that all activity is important for youth populations and no minimum bout 
duration or threshold is required to achieve the associated benefits (Poitras et al. 2016). These 
results conflict with a more recent review by Verswijveren and colleagues who specifically 
reviewed the associations between activity patterns and cardiometabolic risk in children and 
adolescents. Of the 11 studies that examined PA patterns, there was no consistent evidence to 
support the benefits of either prolonged or sporadic activity patterns on risk factors for 
cardiometabolic health. The conflicting findings between the reviews may be the result of the 
different analyses methods used to synthesise the findings. However, both reviews highlight 
that considerable variation in the definition of activity patterns made it extremely difficult to 
determine the relationship between activity patterns and cardiometabolic risk and thus called 
for a consensus on how to define activity patterns (Poitras et al. 2016; Verswijveren et al. 
2018). 
2.9.2 Section Summary: MVPA - Identification of Research Gaps 
The evidence presented here highlights that there is a large body of epidemiological evidence 
to suggest that MVPA is beneficial for health in youth and adult (see Appendix A for adult 
information) populations. While the significance of MVPA cannot be overstated, the MVPA 
recommendation only accounts for 2% and 4% of an adults and young person’s day 
respectively. Emerging evidence now suggests that other PA behaviours including sedentary 
time and LIPA influence health may be important for health promotion and disease prevention 
(Tremblay et al. 2017).  
2.10 Light Intensity Physical Activity: A New Area of Research Interest 
There is evidence to suggest that cardiometabolic risk factors inherited during childhood may 
track during adolescence and into adulthood (Koskinen et al. 2017). MVPA is a modifiable 
determinant of cardiometabolic risk factors in young people (Ekelund et al. 2012), however, 
despite its known benefits, global levels of MVPA remain low across the lifespan. In 
recognition of this, researchers have begun to place more importance on the lower intensities 
of PA. Prior to discussing the association between LIPA and various indices of health, the 
concept of non-exercise activity thermogenesis (NEAT) will be discussed. 
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2.10.1 Non-Exercise Activity Thermogenesis: The Silent Health Enhancing Activity 
Behaviour 
The components of total daily EE include: (i) basal metabolic rate; (ii) thermic effect of food 
and; (iii) activity thermogenesis (Levine et al. 2006). The basal metabolic rate refers to the 
energy expended when at rest; the thermic effect of food refers to the increase in energy 
expended through the ingestion, absorption, digestion and storage of food while, activity 
thermogenesis refers to the energy expended from all other daily activities. Since the basal 
metabolic rate and the thermic effect of food are relatively stable, Levine and colleagues 
suggest that the variance in total energy expenditure can be best explained through activity 
thermogenesis (Levine 2002; Levine et al. 2006). 
Activity thermogenesis is composed of two components: (i) energy expended through 
exercise; and, (ii) NEAT. NEAT classifies activity by its purpose rather than its intensity and 
this is defined as the energy expended through activities of daily living which do not include 
sleep, structured exercise or the energy expended while eating (Levine 2002; Levine et al. 
2006). Therefore, NEAT is predominantly comprised of activities that are light in intensity 
(Hamilton et al. 2004). It is clear that the majority of youth and adult populations do not 
participate in enough exercise, which results in negligible exercise-related EE. With that, it is 
speculated that differences in daily EE may be the result of variances in the accumulation of 
light-intensity physical activities or NEAT rather than variances in exercise-related EE 
(Hamilton et al. 2004). Generally, factors that affect the NEAT of humans are include 
biological (body composition and weight) and environmental factors (occupation and dwelling) 
(Hamilton et al. 2004; Levine et al. 2006). Considering the significant effect that EE has on 
weight gain and loss across the lifespan, the role of NEAT (via LIPA) should be considered 
when assessing the relationship between activity behaviours and indices of health. 
2.10.2 The Role of LIPA on Indices of Cardiometabolic Health: Summary of the Evidence 
in Youth 
Currently, there are no PA guidelines that include specific detailed information (i.e., optimal 
dose) for LIPA. In fact, countries that have included brief statements regarding LIPA have 
highlighted that there was insufficient research evidence available to support including specific 
time targets or a minimum threshold for LIPA. This research gap may be due to the historical 
focus on MVPA (Janssen and LeBlanc 2010; Poitras et al. 2016) and the reliance on subjective 
measurement tools which fail to capture activities that are light in intensity (Trost 2007; Trost 
et al. 2011). There is evidence to suggest that both adults and children spend a large proportion 
(~4-6 hours) of their waking day engaging in LIPA (Matthews et al. 2008; Bauman et al. 2010). 
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Furthermore spending more time in LIPA may provide some health benefit (Carson et al. 
2013b; Poitras et al. 2016; Amagasa et al. 2018).  
2.10.2.1 LIPA and Body Composition: The Evidence in Youth 
Primarily, fat mass, waist circumference (WC), body mass index (BMI) and the sum-of-
skinfold thickness are the most frequently utilised body composition measures within the LIPA 
literature. Despite the plethora of literature on the associations between PA and adiposity, it 
remains debatable whether LIPA influences body composition variables. The research to date 
is equivocal.  
Unfavourable associations between LIPA and markers of body composition are present 
within the adolescent literature. Jiménez-Pavón et al. (2013a) reported significant positive 
relationships between objectively measured LIPA with measures of body composition in a 
group of 2200 European adolescents aged 14 years. After adjusting for several confounding 
variables (including indices of fat mass and muscle mass) positive associations between LIPA 
and WC were observed for both males (β = 0.066, p = 0.043) and females (β = 0.069, p = 
0.006). Significant positive associations were observed between BMI and LIPA for both males 
and females (p < 0.001) and with skinfold thickness for males only (P < 0.05). Steele and 
colleagues found a weak but significant positive relationship between objectively measured 
LIPA and BMI after adjusting for a range of confounding variables including sedentary time 
(Steele et al. 2009). Similarly, Bailey and colleagues reported a significant positive relationship 
between LIPA (defined ad 288-969 counts.min-1) and percentage body fat (% BF) (r = 0.35, p 
< 0.05) and WC (r = 0.23, p <0.05) (Bailey et al. 2012). 
There is a large body of cross-sectional evidence reporting null associations between 
LIPA and indices of adiposity. Martínez-Gómez et al. (2009) investigated the association 
between objectively measured LIPA with the sum-of-six-skinfolds, WC and BMI in a group 
of 214 Spanish adolescents aged between 13-16 years. The participants were part of lager 
cardiovascular disease surveillance study, the AFINOS study (Adolescents Physical Activity 
as a Preventative Agent of the Development of Overweight, Obesity, Infections, Allergies and 
Factors of Cardiovascular Risk in Adolescents). The results highlighted that adolescent girls 
spent significantly more time engaged in LIPA compared to their male counterparts (173.79 ± 
31.55 minutes v’s 164.76 ± 37.01 minutes) and had significantly higher WC, BMI and sum-of- 
6-skinfold-thickness. Despite these differences, no beneficial associations were observed. 
Similarly, Carson and colleagues no significant associations between accelerometer derived 
low-light-intensity PA (LLPA) (100-799 counts/min) and high-light-intensity PA (HLPA) (800 
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counts/min) with markers of adiposity in a group of 1,731 adolescents aged between 12-19 
years (Carson et al. 2013b).  
Similar findings were presented by Moliner-Urdiales et al. (2009) but using gold- 
standard measures of total and abdominal body fat in a group of 365 Spanish adolescents 
enrolled in the Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-Sectional Study 
(HELENA CSS, a multicentre study performed in 10 European cities). Body fat was measured 
using DXA, BodPod and skinfold thickness. Time spent in LIPA was defined as the sum of 
time per day in which accelerometer counts per minute were between 500-1999 counts. The 
results of the regression analysis showed no association between the measures of LIPA and 
markers of central body fat (p > 0.05). In addition, no association was observed between 
markers of total body fat (DXA, sum of 6 skinfolds and BodPod) and LIPA.  
Favourable associations i.e., an inverse relationship between accelerometer measured 
time spent in LIPA and adiposity indictors such as BMI, fat mass, sum-of-skinfold thicknesss 
and % BF among children and adolescents have been reported in the literature (Treuth et al. 
2005; Butte et al. 2007; Kwon et al. 2011; Dowd et al. 2014). For example, using a sample of 
children from the Iowa Bone Development study Kwon et al. (2011) investigated the 
association between LIPA and adiposity in children at 5, 8 and 11 years. LIPA was determined 
using two separate cut-points. When adjusted for confounding variables (age, weight, fat-free 
mass, height, MVPA and physical maturity), LIPA was negatively associated with fat mass 
(measured using DXA) at age 11, but not at 5, or 8 years for boys. In addition, LIPA was 
negatively associated with fat mass at ages 8 and 11 for girls. The associations were stronger 
using the higher cut-point. 
Butte et al. (2007) examined the cross-sectional relationship between % BF measured 
using DXA and objectively measured time spent in LIPA among 897 youths aged between 4-
19 years. When adjusted for age and gender, the time spent in LIPA was negatively associated 
% fat mass (co-efficient ± standard error; -0.30 ± 0.03, p = 0.001). When adjusted for age, 
gender and % fat mass, WC was negatively associated with LIPA (-0.08, p < 0.05). Treuth et 
al. (2005) examined the cross-sectional associations between BMI, fat mass and % BF (using 
bioelectrical impedance) in 229 elementary, middle and high school boys and girls aged 
between 7-19 years. They observed that time spent in LIPA (defined as 100 - < 900 counts per 
minute) was negatively correlated with BMI in middle and high school girls (p = 0.01 and p = 
0.003, respectively). In addition, fat mass and % BF were negatively correlated with LIPA 
among girls across all three groups (range r = -0.40 to - 0.51, p < 0.05). Of interest to note is 
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that when light-, moderate- and vigorous-intensity PA were entered into a regression model, 
only the time spent in LIPA was correlated with % BF (p < 0.01) among girls only.  
The majority of the studies presented assessing the associations between objectively 
measured LIPA and measures of adiposity have relied on accelerometer thresholds. One issue 
with the existing cut-points for LIPA is that they may not effectively differentiate LIPA from 
sedentary time or standing time and so other measures (inclinometers) may better distinguish 
these behaviours (Ridgers and Fairclough 2011; Ridgers et al. 2012). To address this issue, 
Dowd et al. (2014) examined the associations between LIPA and adiposity in a group of 195 
female adolescents aged 15 years. Using the activPAL device as a more comprehensive 
measure of LIPA (excluded standing time) they observed a significant inverse relationship for 
the percentage of LIPA with BMI (β = -4.38, p = 0.0006) and sum of 4 skinfolds (β = -4.05, p 
= 0.006). It is clear, there is mixed evidence regarding the associations between LIPA and 
adiposity markers. The differences observed across studies may be due to: (i) the inclusion of 
different confounding variables used in the analysis methods; or, (ii) different types of 
accelerometers used (Actical, ActiGraph and activPAL), yet they are more likely due to: (iii) 
use of different cut-points to determine LIPA. Regardless of this, LIPA does appear to have 
some beneficial effect on indicators of adiposity, especially in older adolescents and female 
populations. The findings presented highlight the potential to consider LIPA for health 
promotion strategies. Perhaps the promotion of LIPA may be an effective, realistic and 
practical strategy for the prevention of obesity especially in females. However, before health 
promotion strategies are implemented, more research using more accurate measures of LIPA 
(postural monitors) is warranted.  
2.10.2.2 LIPA and Blood Pressure: The Evidence in Youth 
There is a dearth of literature examining the relationships between objectively measured LIPA 
and systolic and diastolic BP within the youth literature. Those that have studied the association 
have offered some insight into the contribution of LIPA to BP and thus the health of children 
and youth. There is some evidence to support a beneficial association between low LIPA 
(LLIPA; 100-799 counts/min) and high LIPA (HLIPA; 800 counts/min to < 4 METs) with 
diastolic BP (Ekelund et al. 2007; Carson et al. 2013b). For example, Carson et al. (2013b) 
observed each additional hour/day of LLIPA was associated with 0.59 (95% CI: 1.18-0.01) 
mmHg lower diastolic BP. Furthermore, each additional hour/day of HLIPA was associated 
with 1.67 (95% CI: 2.94-0.39) mmHg lower diastolic blood pressure.  
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There appears to be very limited evidence to support any association between systolic 
BP and LIPA. Carson and colleagues observed no associations between systolic BP with either 
LLIPA or HLIPA (Carson et al. 2013b). Similarly, Hay et al. (2012) reported no significant 
association between objectively measured LIPA with systolic BP using a cross-section of 605 
youth (aged 12.1 years) enrolled in the 2008 Healthy Hearts prospective cohort study.  
There is little evidence to support the beneficial associations between LIPA and BP 
when standardised blood pressure scores were used (Neto et al. 2014). Using a cross-sectional 
design, Neto and colleagues found a significant inverse relationship for LIPA with a 
standardised BP z score (-0.149, p < 0.05) in a group of 391 adolescents aged between 10-18 
years (Neto et al. 2014).  
Ekelund and colleagues investigated the independent associations of subcomponents of 
PA and cardiorespiratory fitness with metabolic risk factors in 1709, 9-10 and 15-16 year old 
adolescents in the EYHS (Ekelund et al. 2007). Within the detailed analysis, the percentage of 
time spent in LIPA was significantly and inversely associated with both systolic (standardised 
β = -0.11, 95% CI: -0.17- -0.06, p < 0.001) and diastolic BP (standardised β = -0.10, 95% CI: 
-0.15- -0.5, p < 0.001) (Ekelund et al. 2007). As you can see, there are limited studies that have 
investigated the associations between objectively measured LIPA and BP in youth and those 
that have investigated the relationship report conflicting findings. 
2.10.2.3 LIPA and Markers of Glucose Control: The Evidence in Youth 
Fasting glucose, two-hour glucose and glycated haemoglobin/HbA1C are the three most 
frequently used glucose measures in health-based research. When examining markers of 
glucose control it is important to note that there are subtle differences of each glucose 
regulation measure. For example, fasting glucose represents blood glucose measures following 
an overnight fast (usually 12 hours) and the specific values obtained are used to determine if 
an individual has healthy glucose levels, or is pre-diabetic or diabetic. The two-hour glucose 
method measures how quickly the body can clear glucose from the blood and appears to be 
more sensitive for the prediction of pre-diabetes and diabetes. Finally, the glycated 
haemoglobin HbA1C measure provides a measure of the average blood sugar levels over the 
previous 90 days. Generally, elevated levels of glycated haemoglobin/HbA1C are associated 
with pre-diabetes and/or diabetes.  
Carson and colleagues also examined the associations of accelerometer derived LIPA 
with markers of glucose control. No significant associations were observed between LLPA and 
HLPA with plasma glucose or 2 hr plasma glucose (Carson et al. 2013b). Similar findings were 
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reported by Neto et al. (2014), Ekelund et al. (2007), Bailey et al. (2012) and Jiménez-Pavón 
et al. (2013b) for associations between the time spent in LIPA and blood glucose.  
There are mixed findings regarding the role of LIPA on fasting insulin in youth. Butte 
and colleagues observed that when adjusted for age, gender and BMI, a significant inverse 
relationship between the percentage of time spent in LIPA (encompassing activities that were 
reflective of low exertion in the standing position) and fasting serum insulin (p < 0.001) was 
observed. Moreover, Ekelund et al. (2007) observed a significant inverse relationship between 
LIPA and insulin (β = -0.07; 95% CI, -0.12 - -0.02, p < 0.100). In contrast to these studies, 
Carson et al. (2013b) observed no significant associations between LLPA or HLPA with 
fasting insulin or measures of β-cell function and insulin sensitivity i.e. HOMA-%B 
(homeostatic model assessments of beta-cell function), and HOMA-%S (homeostatic model 
assessments of insulin sensitivity). Similarly, using a cohort of 1053 adolescents aged between 
12.5-17.5 years from the HELENA-CSS, Jiménez-Pavón et al. (2013b) observed no significant 
correlation between LIPA and fasting insulin, quantitative insulin sensitivity check index or 
HOMA IR. Finally, Sardinha et al. (2008), observed that the time spent in LIPA was not 
associated with fasting insulin (r = 0.10, p = 0.08) or HOMA-IR (r = 0.10, p = 0.08). 
2.10.2.4 LIPA and Blood lipids: The Evidence in Youth 
The evidence to support the role of LIPA with blood lipids in youth populations is inconsistent 
(Poitras et al. 2016). While a limited number of studies have reported a significant beneficial 
relationship between LIPA and High Density Lipoprotein cholesterol (HDL-C), other studies 
have failed to show this. Carson and colleagues observed a significant inverse relationship 
between LIPA and HDL-C when adjusted for confounding variables (including demographic 
and anthropometric variables as well as MVPA). The findings highlighted that each additional 
hour/day of HLIPA (but not LLIPA) was associated with 0.04 (95% CI: 0.001-0.07) mmol/L 
higher HDL-C (Carson et al. 2013b). In congruent to the findings of Carson et al. (2013b), 
Ekelund et al. (2007) and Neto et al. (2014) reported an inverse non-significant relationship 
between LIPA and HDL-C. 
The majority of studies that have investigated the associations between objectively 
measured LIPA have shown no consistent effect on TC and Low Density Lipoprotein 
Cholesterol (LDL-C) (Butte et al. 2007). The previously mentioned study by Carson et al. 
(2013b) reported no significant association between LIPA and TC or LDL-C regardless of a 
low or high light-intensity cut-point used to define LIPA. Similarly, Bailey et al. (2012) 
deemed there to be no significant association between LIPA and a ratio score of total 
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cholesterol/HDL-C. Generally, the youth literature presented no significant associations 
between objectively measured LIPA and triglycerides. Carson et al. (2013b) Ekelund et al. 
(2007) and Neto et al. (2014), observed no significant association between LIPA and 
triglycerides. Similar observations were reported by Bailey et al. (2012) in a group of 100 youth 
aged between 10-14 years enrolled in the UK based Health and PA Promotion in Youth 
(HAPPY) study. 
2.10.3 Section Summary: LIPA and Cardiometabolic Health – Identifying the Research 
Gap 
Section 2.10. of this review provided an overview of research that investigated the role of LIPA 
on indices of cardiometabolic health in youth. The role of LIPA and health for adult populations 
is discussed elsewhere (Appendix A). With respect to LIPA exposure, it must be noted that the 
differences in and limitations of its measurement may have contributed to the variability and 
inconsistent associations observed between LIPA and the health indices discussed. For 
example, heterogeneity in the application of activity thresholds used to define free-living LIPA 
may have contained standing time (Kwon et al. 2011; Poitras et al. 2016). With that, very few 
studies across the literature have separated standing time from LIPA and accordingly this may 
result in inflated values for time spent in LIPA. Having the ability to extract standing time from 
LIPA, and subsequently examining if independent associations exist between standing time 
and LIPA with cardiometabolic health markers could have potential to inform further 
refinement of government PA/SB guidelines.  
2.11 Sedentary Behaviour and its Association with Cardiometabolic Health: A 
Contentious Debate 
2.11.1 The Physiology of Sedentary Behaviour 
Recent evidence suggests that SB is associated with metabolic function in both youth and adult 
populations (Healy et al. 2008b; Martínez-Gómez et al. 2010; Healy et al. 2011b). The effects 
of SB on metabolic dysfunction are generally characterised by elevated plasma triglyceride 
levels, decreased HDL-C and reduced insulin sensitivity. Although bed rest studies do not 
completely represent SB, they have confirmed that increased SB is associated with a range of 
deleterious metabolic effects (Højbjerre et al. 2010; Alibegovic et al. 2009). 
It is hypothesised that the physiological responses to physical inactivity can cause 
significant negative effects on the many specific cellular and molecular mechanisms important 
for disease-related proteins. From the work of Hamilton and colleagues it is speculated that the 
cellular and molecular mechanisms associated with physical inactivity are qualitatively distinct 
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to the mechanisms associated with intense exercise training (Hamilton et al. 2004). The 
negative effects of SB on metabolic health appear to be at least partially mediated by changes 
in the activity of the skeletal muscle enzyme lipoprotein lipase (LPL). When present on the 
vascular endothelium, LPL binds to circulating lipoproteins and is required for the hydrolysis 
of triglyceride rich lipoproteins and the production of HDL-C (Hamilton et al. 2004). In 
addition, LPL is required to facilitate the uptake of free-fatty acids into skeletal muscle and 
adipose tissue (Hamilton et al. 2007). Insulin stimulates LPL activity and consequently 
stimulates glucose uptake in adipose tissues.  
Local contractile skeletal muscle activity or inactivity is identified as one of the major 
physiological variables regulating LPL. Zderic and Hamilton (2006) highlight that physical 
inactivity amplifies the ability of plasma lipids to supress skeletal muscle LPL activity and thus 
LPL activity appears to reduce during acute and chronic SB (Tremblay et al. 2010). This has 
important health implications as low levels of LPL activity are associated with increased levels 
of circulating triglycerides, decreased plasma HDL levels and an increased risk of 
cardiovascular disease and human metabolic syndrome (Hamilton et al. 2007; Tremblay et al. 
2010). Despite the mounting evidence supporting the deleterious effects of prolonged periods 
of sedentary time, there is much to be learned from the insights of the inactivity paradigm. The 
majority of studies that have explored the physiological mechanisms underpinning SB have 
done so using animal models. Bey and Hamilton (2003) investigated the effects of hind limb 
unloading on LPL activity in rats. They reported that after 6, 12 and 18 hours of hind limb 
unloading, intercellular LPL activity was reduced by approximately 25%, 50% and 75% 
respectively. Consistent with LPL function, the clearance of plasma triglyceride by the skeletal 
muscle was reduced and plasma HDL cholesterol concentration was 20% lower in the inactive 
condition. The reported reductions in the lower limb LPL activity were restored to baseline 
levels after just four hours of normal cage activity, intermittent standing and light-intensity 
walking. Table 2.6. highlights the LPL response processes at the two ends of the PA continuum 
and is adapted from Hamilton et al. (2004). The table highlights that proposed links between 
LPL activity and SB are qualitatively distinct from the links between LPL activity and PA 
(Hamilton et al. 2007). The different mechanisms reported suggest that the processes governing 
metabolism during SB could be different to those observed in exercise studies. However, 
further research is required to elucidate the full spectrum of potential mechanisms in different 
tissues, organs and in human studies to explain the physiological mechanisms underpinning 
SB. 
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Table 2.6. Proposed mechanisms underpinning LPL regulation during inactivity and intense 
exercise in animal models (Table from Hamilton et al. 1998; Bey and Hamilton 2003; Hamilton 
et al. 2004). 
 
 
In addition to LPL activity, there is research to suggest that increased time spent in SB 
effects carbohydrate metabolism, through changes in muscle glucose transporter protein 
content (GLUT) (Bergouignan et al. 2016). These proteins are necessary to basal (GLUT-1), 
insulin (GLUT-4) and exercise (GLUT-4) stimulated glucose uptake (Henriksen et al. 1990; 
Kawanaka et al. 1997; Tremblay et al. 2010). Saunders and colleagues in their systematic 
literature review on SB and cardiometabolic health found consistent moderate quality evidence 
that uninterrupted SB ≤ 7 days resulted in moderate and deleterious changes in insulin 
sensitivity, glucose tolerance and plasma triglyceride levels (Saunders et al. 2012). A more 
recent study by Fletcher and colleagues explored the impact of uninterrupted sitting versus 
sitting with resistance-type activity breaks on adolescents postprandial glucose while 
consuming a diet varying in energy (Fletcher et al. 2018). Participants completed a four-
treatment cross-over trial: (i) uninterrupted sitting + high-energy diet; (ii) sitting with breaks + 
high-energy diet; (iii) uninterrupted sitting + standard-energy diet; and (iv) sitting with breaks 
+ standard-energy diet. For all conditions, two identical meals were consumed; at 0 and 3 hours 
and interstitial glucose concentration was recorded every five minutes. The result showed that 
interrupting sitting had a significant effect on lowering postprandial glucose for both dietary 
conditions, however, it was not significant when examining total area under the curve (Fletcher 
et al. 2018). This study highlights that dietary intake and LIPA may mediate the associations 
between sedentary time and health in youth, however larger studies are needed to confirm these 
findings. Studies have shown that denervation of skeletal muscle results in rapid decreases in 
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both the muscle GLUT-4 content and insulin-stimulated glucose uptake (Jensen et al. 2009). 
These findings suggest that rapid and deleterious changes in skeletal muscle may underlie the 
relationship between SB, glucose regulation, triglyceride levels and insulin sensitivity. Figure 
2.4. presents the metabolic effects of PA and chronic SB (Bowden Davies et al. 2019). The 
figure suggests that being physically active stimulates AMP-activated protein kinase activation 
and glucose uptake into skeletal muscle; as a result, insulin sensitivity is preserved and less 
glucose is diverted to metabolically unfavourable depots. On the other hand, the figure 
highlights that chronic SB results in diminished AMP-activated protein kinase activation and 
glucose uptake into skeletal muscle thereby inducing insulin resistance. Therefore, the plasma 
glucose provides a substrate for de novo lipogenesis in adipose tissue and liver. This results in 
the expansion of adipose tissue mass, intrahepatic lipid accumulation and increased lipid export 
from the liver as very low-density lipoprotein triacylglycerol particles and serum 
triacylglycerol with induction of systematic insulin resistance (Bowden Davies et al. 2019). 
 
 
Figure 2.3. Represents the metabolic effects of habitual physical activity and chronic sedentary 
behaviour taken from Bowden Davies et al. (2019). 
2.12 Sedentary Behaviour: The Move from Subjective to Objective Measurement and its 
Link to Health 
The role of total sedentary time on indices of health has been largely explored within the 
literature (Loyen et al. 2016), while the role of SB patterns and/or sedentary breaks has been 
explored to a lesser extent (Verswijveren et al. 2018). It has emerged that SB is a unique 
determinant of health in adult populations however; the available evidence in children and 
adolescents has been less consistent. Tremblay and colleagues (2011b) reviewed the 
association between SB with health among youth. The main finding from this study was that 
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more than two hours of TV viewing was associated unfavourably with body composition, 
cardiovascular fitness and academic achievement (Tremblay et al. 2011b). The authors 
acknowledged that different health impacts of new types of SB (non-screen based) might be 
observed if different measurement technologies were used.  
Since the work of Tremblay and colleagues (2011b), an updated review examining the 
associations between objectively and subjectively measured SB with health indicators in youth 
aged 5-17 years was undertaken (Carson et al. 2016a). Concerning TV viewing time, the 
findings of Carson’s review confirmed those presented by Tremblay et al. (2011b). The authors 
reported that higher durations or frequencies of screen time and TV viewing time were 
significantly associated with unfavourable measures of body composition. Additionally, higher 
durations or frequencies of TV viewing was significantly associated with a higher clustered 
cardiometabolic risk score. This review primarily included studies that used screen time as a 
surrogate measure of sedentary time.  
 Carson et al. (2016a) emphasized that while the number of studies using objective 
measures of sedentary time more than doubled since the 2011 review, no consistent 
associations were observed for body composition, cardiometabolic risk, cardiovascular fitness 
or academic achievement when objective measures of SB were reviewed. Of the 35 included 
studies that measured SB objectively, only six measured patterns or breaks in sedentary time 
using accelerometers. The authors highlighted that accelerometers may not be sensitive enough 
to capture patterns of SB and recommended that future studies using inclinometers were 
required to provide a better indication of the health impacts of SB patterns (Ridgers and 
Fairclough 2011).  
Most recently, two systematic reviews that examined objectively measured SB with 
indices of health in children and adolescents confirmed the findings of Carson and colleagues 
and emphasised that there was very limited evidence to support that the total volume or patterns 
of SB were associated with adverse health outcomes (Cliff et al. 2016; Verswijveren et al. 
2018). The following section of this review will provide a summary of the key studies that have 
explored the role of objectively measured sedentary time (total volume and SB patterns) and 
its association with indices of cardiometabolic health in youth populations. A brief summary 
of the adult literature is provided in Appendix A.  
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2.12.1 Total Sedentary Behaviour and Body Composition: The Evidence in Youth 
Conflicting findings have been observed for objectively measured sedentary time and its 
association with markers of adiposity, with some studies reporting positive associations and 
others reporting no associations (Carson et al. 2016a).   
 Martínez-Gómez et al. (2010) assessed cross-sectional associations between 
objectively measured SB, adiposity and cardiovascular risk factors in 210 male and female 
adolescents aged between 13-17 years. They observed no significant differences in the degree 
of general adiposity (sum-of-six-skinfolds) or abdominal adiposity (WC) between low-, 
medium- or high- tertile levels of SB (defined as < 100 counts per minute). Using a similar 
cross-sectional design, Hsu and colleagues observed a significant positive association between 
sedentary time and WC in their unadjusted analyses. However, when adjusting for covariates 
including age, sex, ethnicity, tanner stage, fat mass and lean tissue mass, no significant 
association was present (Hsu et al. 2011). Using the same accelerometer device and definition 
of sedentary time as the previous two studies, Casazza et al. (2009) and Altenburg et al. (2015) 
further verified the previous non-significant associations between total daily sedentary time 
and WC in a multi-ethnic sample of 7-12 year-old participants. Similar, non-significant 
findings were reported by Bailey et al. (2012), using the RT3 accelerometer and a count 
threshold of < 288 counts per minute to define sedentary activity. Moreover, in a large sample 
of over 20,000 male and female adolescents aged between 4 – 18 years from ICAD, Ekelund 
et al. (2012) reported that the time spent sedentary was not associated with WC after adjustment 
for age, sex, wear time and height. What is interesting note here is that prospectively neither 
MVPA nor sedentary time were associated with WC but higher WC measures were 
detrimentally associated with sedentary time. This highlights that reverse causality is an 
important issue and that is why there is a need for more experimental data. To conflict with 
these findings, Butte and colleagues showed that when controlling for covariates, the 
percentage of time spent in sedentary activities was positively associated with % fat mass 
(measured by DXA) and WC in a group of 897 youth aged between 4 - 19 years (Butte et al. 
2007). Similarly, a significant negative correlation was observed between total sedentary time 
and WC in a group of 111 male and female participants enrolled in the HAPPY study (Bailey 
et al. 2017).  
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2.12.1.1 Is the Relationship Between Sedentary Behaviour and Adiposity Dependant on 
the Amount of MVPA? 
It remains uncertain if the association between sedentary time and measures of adiposity is 
dependent on the amount of MVPA one achieves. In the UK, cross-sectional analyses on 5434, 
12-year-old children enrolled in the Avon longitudinal Study of Parents and Children 
(ALSPAC) examined the association between SB (defined as ≤ 199 counts per minute) and 
obesity (fat and lean mass measured using DXA & BMI measured). Logistic regression 
analyses were used to estimate odds ratios (OR) and the models were adjusted for potential PA 
confounding variables including maturation, social factors, gender and early life factors. 
Among this cohort, for every hour spent sedentary, the minimally adjusted odds of being obese 
were OR= 1.18 (95 % CI: 1.08, 1.28) times more likely. This positive association strengthened 
when adjusted for confounding variables. Interestingly, when the regression models adjusted 
for MVPA, the observed associations disappeared. This finding may suggest that that among 
this cohort the time spend in MVPA is lower among sedentary youth (Mitchell et al. 2009), or 
alternatively, it may indicate that when accounting for MVPA, sedentary time is not 
independently associated with health. However, it must be noted that LIPA was not considered 
within this analysis due to issues with collinearity and thus the inclusion of or adjustment for 
LIPA may have had a significant impact on the results. Another study using adolescents from 
the ALSPAC assessed sedentary time during childhood (aged 11-12 years) with 
cardiometabolic risk factors in adolescence (aged 15-16 years). They highlighted evidence of 
a direct association between baseline sedentary time and markers of adiposity (BMI, waist and 
body fat mass) at follow up, but these associations were not independent of MVPA (Stamatakis 
et al. 2015).  
It is important to note, that these studies and specifically the majority of studies that 
have investigated the influence of sedentary time with health during youth have adjusted for 
MVPA. Recent work suggests that adjusting for activity when measuring SB may produce 
inaccurate results (Chastin et al. 2015b). Furthermore, adjusting for PA within regression 
analysis assumes independence with SB (Chastin et al. 2015b). As evidence now suggests that 
time spent in movement and non-movement behaviours are interdependent (Chastin et al. 
2015b), the findings of the aforementioned studies and others that have adjusted for PA within 
SB research should be interpreted with caution (Chastin et al. 2015b). The study by Ekelund 
and colleagues (2012) further supports the idea that the association between sedentary time and 
indices of health may not be independent of PA. For example, when combined association 
analyses examined the impact of time spent in MVPA and sedentary time with health 
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indicators, higher levels of MVPA were significantly associated with lower WC across tertiles 
of sedentary time. The differences in outcomes between higher and lower MVPA were greater 
the lower the sedentary time.  
2.12.1.2 Longitudinal Associations between Sedentary Time and Measures of Adiposity 
in Youth 
Within the youth literature, some researchers have observed longitudinal associations between 
sedentary time and markers of adiposity while others have failed to find any associations. For 
example, Mitchell et al. (2013) examined the time spent in SB with longitudinal changes in 
BMI between the ages of 9-15 years. They reported that independent of MVPA and other 
covariates (sleep, diet, gender, race & maternal education), spending more time sedentary 
(defined as < 100 counts per minute), was associated with additional increases in BMI at the 
90th, 75th and 50th BMI percentiles (Mitchell et al. 2013). In contrast to these findings, Treuth 
and colleagues (2009) assessed longitudinal changes of sedentary time and overweight in a 
group of adolescent females participating in the Trial of Activity for Adolescent Girls (TAAG). 
The results of the study highlighted that while sedentary time (defined as < 50 counts/30 
seconds) increased by 51 mins/day from the ages of 12-14 years, the increase was not 
associated with an adverse effect on BMI or % BF. Similar non-significant association between 
markers of adiposity and sedentary time were presented in the previously mentioned ICAD 
study (Ekelund et al. 2011). Data on WC from two time points (2 year follow-up) were pooled 
from seven studies (N = 6413). The time spent sedentary was not associated with WC (β = -
0.0024; 95% CI, -0.0057, -0.0010) when adjusted for age, sex, wear time, follow-up and 
baseline WC (Ekelund et al. 2011). The conflicting findings of these studies should be viewed 
with caution; clearly, the differences in measurement tools, epoch lengths, age groups, 
adjustment for confounding variables and length of follow-up can influence the findings of 
longitudinal studies (Treuth et al. 2009).  
2.12.2 Patterns of Sedentary Behaviour and Body Composition: The Evidence in Youth 
A recent review of the literature which examined the associations between activity patterns and 
indices of cardiometabolic health in youth (Verswijveren et al. 2018), highlighted that there 
appeared to be no consistency in the definition of SB patterns in the body composition studies. 
No consistent evidence of an association between the number of ≥ 30 minute sedentary bouts, 
and the time spent in ≥ 20 minute and ≥ 30 minute sedentary bouts with measures of adiposity 
was observed. Additionally, the association between sedentary breaks and measures of 
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adiposity was inconclusive with some studies reporting beneficial associations while others 
reported null associations (Verswijveren et al. 2018). 
 Carson and Janssen (2011) examined the association between the volume and patterns 
of SB with cardiometabolic health based on 2527 youth aged 6 - 19 years from the 2003/04 
and 2005/06 NHANES. A cut-point of < 100 counts per minute was used to define SB and a 
sedentary bout was defined as ≥ 30 minutes of sedentary time with ≥ 80% of the minutes below 
the 100 count cut point, thus permitting non-sedentary activity within the bout definition. The 
total sedentary volume, amount of time spent in sedentary bouts ≥ 30 minutes and sedentary 
breaks were not related to WC (Carson and Janssen 2011). Although not directly comparable 
due to differing bout definitions, Bailey and colleagues investigated examined the association 
between the duration of sedentary breaks with cardiometabolic indicators in a paediatric 
population. Those who engaged in longer mean duration daily sedentary breaks had lower odds 
of abdominal obesity (p < 0.05) (Bailey et al. 2017).  
Using a similar approach but a different device (the Actical), Colley and colleagues 
(2013) assessed sedentary patterns of 1600 children and adolescents aged between 6 - 19 years 
that were enrolled in the Canadian Health Measures Survey. No significant association between 
the sedentary time variables with BMI or WC in girls or in boys aged between 6-10 years or 
15-19 years was observed. However, for boys aged between 11-14 years, prolonged bouts of 
sedentary time lasting at least 40 minutes, after 3pm on weekdays were positively associated 
with WC (β = 2.23, p < 0.006). Sedentary bouts lasting at least 80 minutes were positively 
associated with both BMI and WC. It is alarming that every additional one hour of sedentary 
time accumulated during the afterschool period was associated with a 1.4 kg.m-2 higher BMI 
and a 3.4 cm higher WC for boys aged 11-14 years. With regard to breaks in sedentary time, 
the number of breaks in sedentary time after 3pm during weekdays was negatively associated 
with WC (β = -4.04, p < 0.006) in boys aged 11-14 years only (Colley et al. 2013). While the 
results of this study speculate that when the pattern and timing of sedentary time is objectively 
measured few associations were present with measures of adiposity, however, the findings 
were limited to boys aged 11-14 years. The mixed findings presented from these studies may 
be the result of the device used, coupled with the analytical methods (they allowed modest 
amount of light intensity activity within the prolonged bout) used to assess the data which may 
have influenced the determination of an association. 
Altenburg and colleagues (2015) addressed the issue of tolerance limits within 
sedentary bouts in a paediatric population. They investigated the occurrence and duration of 
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various definitions of sedentary bouts and their cross-sectional associations with 
cardiometabolic health indicators using ActiGraph data from 10-13 year-old children enrolled 
in the European Energy balance Research to prevent excessive weight Gain among Youth 
(ENERGY) survey. Sedentary bouts were defined as periods of consecutive minutes below 100 
counts per minutes. Bout definitions included sedentary time in bouts of at least 5, 10, 20, or 
30 minutes, allowing 0, 30, or 60 accumulative tolerance seconds within all different sedentary 
bout durations. When allowing zero tolerance within sedentary bouts, a small number of 
significant albeit weak associations were observed with BMI and WC (Altenburg et al. 2015).  
2.12.3 Total Sedentary Time and Blood Pressure: The Evidence in Youth 
The association between objectively measured sedentary time with systolic and diastolic BP 
has been studied within the youth literature. The review from Cliff et al. (2016) states that 
findings reporting the associations between BP and screen time are inconsistent. Mainly null 
associations were observed for accelerometer derived sedentary time with BP.  
Gaya and colleagues investigated the association between time spent sedentary and BP 
in a group of 163 adolescents. Sedentary time measured using the ActiGraph accelerometer 
and defined as < 500 counts per minute was positively associated with systolic BP and not 
diastolic BP (Gaya et al. 2009). Similarly, Martínez-Gómez et al. (2010) showed that when 
adjusted for cofounding variables, adolescents who spent more time engaged in sedentary 
activities had significantly higher levels of systolic BP. Similar findings were reported by 
Ekelund and colleagues, the percentage of time spent sedentary was significantly and positively 
associated with both systolic (standardised β = 0.14, 95% CI: 0.08-0.19, p < 0.001) and 
diastolic BP (standardised β = 0.14, 95% CI: 0.08-0.19, p < 0.001) (Ekelund et al. 2007). In 
contrast to these findings, de Moraes et al. (2013) examined the independent effect of 
objectively measured SB on BP, using a large sample of adolescents from two cross-sectional 
studies in Europe (HELENA) and Brazil (Brazilian Cardiovascular Adolescent Health, 
BRACH). The total time spent sedentary was assessed using the ActiGraph device and defined 
with a cut point of < 100 counts per minute. The results from the multi-linear regression 
analysis revealed no significant association between the time spent sedentary with either 
systolic or diastolic BP. Similar findings were reported by Colley et al. (2013), Hsu et al. 
(2011), Ekelund et al. (2012), Cliff et al. (2014), Casazza et al. (2009) and Bailey et al. (2012). 
Again, the observed differences between studies could be the result of the devices used or 
different count thresholds used, for example, the higher threshold used by Gaya et al. (2009) 
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could have potentially included activities that were light in intensity and thus influenced the 
results. 
2.12.3.1 Is the Relationship Between Sedentary Behaviour and Blood Pressure Dependant 
on the Amount of MVPA? 
Two studies that investigated the combined associations of objectively measured SB and PA 
with BP highlighted that engaging in appropriate levels of MVPA could mediate the 
association. For example, Ekelund and colleagues did not observe any significant independent 
association between sedentary time and BP however; higher levels of MVPA were associated 
with lower levels of systolic BP across tertiles of sedentary time. The mean differences were 
0.7 mmHg (95% CI; -0.07 – 1.6) for high sedentary time and 2.5 mmHg (95% CI; 1.7 – 3.3) 
for the low sedentary tertile. Similar findings were reported by de Moraes et al. (2013) who 
observed that not achieving the recommended amount of PA combined with 2 - 4 hours of SB 
was associated with increased systolic BP in boys from two cross-sectional cohorts. While the 
findings from these studies highlight the importance of increasing PA and reducing the amount 
of time spent sedentary, longitudinal studies are required to confirm the findings.  
2.12.4 Patterns of Sedentary Behaviour and Blood Pressure: The Evidence in Youth 
It appears that the associations between objectively measured patterns of sedentary time and 
BP have been investigated less frequently and no consistent evidence exists for a beneficial or 
detrimental association (Verswijveren et al. 2018). Bailey and colleagues examined the 
association between patterns of SB and BP in the HAPPY study. Participants wore an RT3 tri-
axial accelerometer on their right hip, time spent sedentary was defined as < 420 counts per 
minute. Prolonged sedentary bouts were defined as the time spent in ≥ 20 minutes of 
uninterrupted sedentary time. Sedentary breaks were defined as a sedentary bout interrupted 
by ≥ 1 minute of light activity or MVPA. After adjusting for MVPA, total sedentary time and 
other covariates, the duration of prolonged sedentary bouts was significantly and positively 
related to systolic BP. The duration of prolonged sedentary bouts, the number of breaks in 
sedentary time or the mean duration of daily breaks in sedentary time were not associated with 
either systolic or diastolic BP. With regard to diastolic BP, multivariate-adjusted odds ratio 
analysis showed lower odds for having elevated diastolic BP in youth who engaged in longer 
mean duration daily breaks in sedentary time (Bailey et al. 2017). In conflict to these findings, 
Carson and Janssen (2011), showed that, despite their participants spending over 50% of their 
waking day sedentary, the amount of time spent sedentary in bouts ≥ 30 minutes and breaks in 
bouts of SB were not related to systolic BP even after adjustment for age, gender, race, SES, 
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smoking, diet variables and MVPA. Similar non-significant associations were observed with 
BP when prolonged bouts of sedentary time lasting 20, 40, 60, 80 and 120 minutes were 
assessed (Colley et al. 2013). 
2.12.5 Total Sedentary Time and Markers of Glucose Control: The Evidence in Youth 
The evidence regarding the relationship between markers of glucose control and sedentary time 
within the youth literature is inconclusive. Martinez-Gomez and colleagues (2010) assessed 
the differences in glucose levels according to the level of SB. In general, the adolescents that 
spent more time engaged in sedentary activities had higher levels of glucose than those who 
spent less time sedentary. Similar positive associations between objectively measured 
sedentary time and fasting glucose have been reported within the literature (Ekelund et al. 
2007; Casazza et al. 2009). In contrast to these studies, Rizzo et al. (2008), Saunders et al. 
(2013), Hsu et al. (2011) and Bailey et al. (2012) observed no significant association between 
fasting glucose and sedentary time even after adjustment for confounders. Generally, there is 
currently too little evidence and too many measurement limitations to determine the association 
between sedentary time and markers of glucose control. 
The influence of insulin on SB has been studied to a large extent within the youth 
literature. Generally, it appears that both insulin and measures of insulin resistance are 
positively associated with sedentary time, although some studies have reported null 
associations. Rizzo et al. (2008) examined the associations of activity behaviours on glucose 
and insulin resistance (calculated according to the homeostasis model assessment) in a cross-
section of 613 adolescents enrolled in the EYHS. Sedentary time was referred to as low activity 
and defined as the sum of time per day in which counts per minute were < 100 and would 
correspond to < 1.5 METs. When controlling for sex, country, pubertal status and WC, low PA 
was not associated with fasting insulin or measures of insulin resistance (HOMA IR). A more 
recent study from Ekelund et al. (2012) pooled data from 14 studies with over 20,000 
participants aged between 4 - 18 years. Sedentary activity was defined using the < 100 counts 
per minute threshold. The time spent sedentary was significantly and positively associated with 
fasting insulin, however when adjusted for MVPA this association disappeared. A similar 
response was observed by Saunders et al. (2013). 
In contrast to these findings, using a higher cut-point (< 500 counts per minute) to 
define sedentary time, Sardinha et al. (2008) reported that the time spent sedentary was 
significantly and positively associated with fasting insulin (r = 0.21, p < 0.0001) and HOMA 
IR (r = 0.21, p < 0.0001) in a slightly younger cohort enrolled in the EYHS. The regression 
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analysis confirmed that the time spent sedentary was positively associated with HOMA IR 
when adjusted for demographic, anthropometric and time covariates. Posthoc analyses revealed 
significant differences between the first and last quartile for time spent sedentary and HOMA 
IR, indicating a dose response relationship. Using a similar approach, Ekelund et al. (2007) 
observed a significant positive association between sedentary time and fasting insulin in a 
group of over 1700, 9-10 and 15-16 year-old adolescents enrolled in the EHYS. Similar 
positive albeit weak associations were observed in a group of Hispanic children and adolescents 
with sedentary time measured using an Actiwatch accelerometer and defined as activity energy 
expenditure < 0.001 kcal.kg-1.min-1, thereby encompassing physical activities of minimal body 
movement in the sitting or reclined position (Butte et al. 2007). The percentage of time spent 
sedentary was positively correlated to fasting serum insulin after adjustment for age, gender 
and adiposity (Butte et al. 2007). While these findings are positive, it must be noted that the 
studies that reported positive associations used various definitions of sedentary time and 
different measurement devices. 
2.12.6 Patterns of Sedentary Behaviour and Markers of Glucose Control: The Evidence 
in Youth 
A recent systematic review found no significant evidence of beneficial and/or detrimental 
associations between bouts and patterns of objectively measured SB and markers of glucose 
metabolism (Verswijveren et al. 2018).  
Saunders and colleagues examined the associations of SB, sedentary bouts and breaks 
in sedentary time with insulin and glucose in over 500 male and female participants enrolled 
in the Quebec Adiposity and Lifestyle Investigation in Youth (QUALITY). SB was defined as 
the sum of all minutes with an average activity count < 100 counts per minute. A sedentary 
bout was defined as one or more consecutive minutes with less than 100 counts per minute. 
The number of daily bouts lasting between, 1-4 minutes, 5-9 minutes, 10-14 minutes, 10-14 
minutes, 15-29 minutes and greater than 30 minutes were calculated. Breaks in sedentary time 
were determined by calculating any disruption in sedentary time that lasted one minute or 
longer where the counts were > 100. The number of sedentary bouts lasting between 10-14 
minutes was significantly and positively associated with fasting glucose in girls only. When 
adjusted for MVPA the association remained (β = 0.078, 95% CI: 0.017, 0.087). No significant 
associations were observed between fasting glucose and daily bouts of SB for boys and no 
significant associations were observed for breaks in sedentary time for either males or females 
(Saunders et al. 2013). Similar associations were reported by Bailey and colleagues (2012). 
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Although the studies are not directly comparable due to the different sedentary cut points, bout 
definitions and measurement tools, Bailey et al. (2012) observed no association between 
fasting blood glucose with the number of prolonged daily sedentary bouts, the duration of 
prolonged sedentary bouts, and the number or duration of breaks in sedentary time. Similar 
null associations were reported for sedentary time accumulated in bouts of 5, 10, 20 and 30 
minutes with zero, 30 or 60 tolerance seconds above 100 counts per minute (Altenburg et al. 
2015). 
 Saunders et al. (2013) examined the association of SB and fasting insulin. Unadjusted 
analyses observed significant associations between fasting insulin and the number of daily 
bouts lasting 1-4 minutes, 10-14 minutes, 15-29 minutes and 30 + minutes in males. When 
adjusted for MVPA and other confounding variables, the significant associations did not 
remain. Similar findings were observed for the female cohort. For both the adjusted and 
unadjusted regression models, there was no association present for the number of breaks in 
daily sedentary time with fasting insulin for either males or females.  
2.12.7 Total Sedentary Time and Blood lipids: The Evidence in Youth 
The association between TC, HDL-C, LDL-C, non-HDL cholesterol and triglycerides with 
objectively measured SB has been examined extensively within the youth literature. Total 
cholesterol, HDL cholesterol and triglycerides and are the most frequently examined. There 
appears to be no consistent evidence of an association (Cliff et al. 2016).  
 Martínez-Gómez et al. (2010) observed no significant association for TC, HDL-C and 
LDL-C across three tertiles of sedentary time. Of the included studies in this general literature 
review, the majority only examined the role of HDL-C on sedentary time. With that, Ekelund 
and colleagues in their more detailed analysis of the sub-components of PA and 
cardiometabolic risk observed that the percentage of time spent sedentary was not significantly 
associated with fasting HDL-C x-1 (Ekelund et al. 2007). Similar findings were observed using 
a larger data set from ICAD (N = 20,871), Ekelund et al. (2012) observed that even though the 
participants spent a large proportion of their day sedentary (354 ± 96 min/d), sedentary time 
was not associated with HDL-C with or without adjustment for confounding variables. Using 
a combination ratio of TC and HDL-C, Bailey et al. (2012) found no significant association 
between the ratio score and total sedentary time. A non-significant association between HDL-
C and sedentary time have been reported by other groups (Casazza et al. 2009; Hsu et al. 2011). 
These studies in addition to many others suggest that no significant association exists between 
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HDL-C and sedentary time (Ekelund et al. 2007; Casazza et al. 2009; Hsu et al. 2011; Bailey 
et al. 2012; Ekelund et al. 2012). 
In the EYHS, Ekelund et al. (2007) observed that the percentage of time spent sedentary 
was significantly and positively related with triacylglycerol. Similarly, triglycerides were 
significantly and positively associated with the time spent (low, medium, high) sedentary in a 
group of Spanish adolescents aged between 13-17 years (Martínez-Gómez et al. 2010). In 
conflict to these findings, the previously mentioned ICAD study observed no significant 
association between sedentary time and triglycerides regardless of adjusting for confounding 
variables (Ekelund et al. 2012). Similar non-significant associations have been reported by 
other groups (Casazza et al. 2009; Hsu et al. 2011; Bailey et al. 2012; Cliff et al. 2014). The 
collective findings of these studies verify the findings reported by Cliff et al. (2016) and lend 
support to the claim that generally no associations exist between sedentary time and blood 
lipids.  
2.12.8 Patterns of Sedentary Behaviour and Blood lipids: The Evidence in Youth 
A number of studies have examined the associations between patterns of objectively measured 
sedentary time and blood lipids. The time spent in prolonged sedentary bouts lasting ≥ 20 or ≥ 
30 minutes, as well as the number of breaks in sedentary time have been assessed most 
frequently. A recent systematic review found no consistent evidence of beneficial and/or 
detrimental associations between bouts and patterns of objectively measured SB and blood 
lipids (Verswijveren et al. 2018). 
 Saunders et al. (2013) examined the association between SB patterns and breaks in SB 
with HDL-C. The unadjusted analyses showed significant associations between fasting HDL-
C and the number of daily bouts lasting 10-14 minutes in the male cohort only. When adjusted 
for MVPA and other covariates, the significant associations did not remain. For both the 
adjusted and unadjusted regression models, there was no association present for the number of 
breaks in daily sedentary time with fasting HDL-C for either males or females. Similar null 
associations were observed by Altenburg et al. (2015) when examining the associations of 
HDL-C, LDL-C and sedentary time accumulated in bouts of 5, 10, 20 and 30 minutes with 0, 
30, or 60 seconds tolerance above the 100 counts per minute threshold. No significant 
associations were observed for bouts of SB (≥ 30 minutes), and breaks in bouts of SB with non 
HDL-C in a sample of over 2000 participants from the NHANES study (Ekelund et al. 2007). 
Similarly, Bailey et al. (2012) observed no significant association between fasting HDL-C with 
the number of prolonged daily sedentary bouts (≥ 20 minutes), the duration of prolonged 
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sedentary bouts and the number and duration of breaks in sedentary time. A significant negative 
association was observed for the mean duration of daily sedentary breaks and TC.  
The previously mentioned study by Saunders and colleagues (2013) examined the 
association between SB patterns and breaks in SB with triglycerides. Unadjusted analyses 
observed significant associations between fasting triglycerides and the number of daily bouts 
lasting 1-4 minutes in the male cohort. When adjusted for MVPA and other covariates, the 
significant associations did not remain. A significant negative association was also observed 
between fasting triglycerides and the number of bouts lasting 15-29 minutes when adjusted for 
MVPA in the male cohort. No significant associations were present for the female cohort. For 
both the adjusted and unadjusted regression models, there was no association present for the 
number of breaks in daily sedentary time with fasting HDL-C for either males or females 
(Saunders et al. 2013). Similar to the findings of Saunders and colleagues (2013), a significant 
and negative association between sedentary time accumulated in bouts of 30 minutes (with zero 
tolerance seconds) and triglycerides was reported in a group of 10-13 year-old European 
children and adolescents (Altenburg et al. 2015). 
2.12.9 Sedentary Behaviour and Overall Cardiometabolic Risk: The Evidence in Youth 
A large number of studies within the youth SB literature have assessed the associations between 
sedentary time and sedentary patterns with customised cardiometabolic risk scores (Ekelund et 
al. 2007; Casazza et al. 2009; Saunders et al. 2013; Altenburg et al. 2015; Bailey et al. 2017). 
The risk scores included in the analyses are computed by converting each individual 
cardiometabolic health indicator to a z-score and stratifying it by gender. For each individual 
the average of z-scores of health indicators are calculated to construct the cardiometabolic risk 
score. A higher cardiometabolic risk score, indicates a higher risk. The inclusion of various 
cardiometabolic health indicators to compute the risk scores makes it difficult to compare 
across studies. While risk stratification using a composite measure of cardiometabolic risk may 
provide an effective method for identifying high- and low-risk subjects in adult populations, 
one of the issues with using this type of analysis is that the use of different risk factors may be 
a better discriminator of a disease. For example, Ashwell et al. (2009) demonstrated that waist-
to-height ratio is a better discriminant of hypertension, cardiovascular disease and type 2 
diabetes compared to BMI. Composite measures of cardiometabolic risk may not be suitable 
for use in paediatric populations, because single high-risk cut-points cannot be used across all 
ages (Kamel et al. 2018). For example, paediatric cut-points for waist circumferences, blood 
pressure and triglycerides are age-specific (Kamel et al. 2018). In children continuous 
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measures of individual risk factors i.e., adiposity, lipids and blood pressure are better than 
dichotomous measures. 
It appears that no consistent evidence on the association between cardiometabolic risk 
scores and SB exists. Some studies have reported positive associations between total sedentary 
time an cardiometabolic risk (Atkin et al. 2013). Ekelund and colleagues, reported a significant 
positive association between total sedentary time and clustered metabolic risk in a group of 
1700, 9-10- and 15-16-year-old European children and adolescents (Ekelund et al. 2007). 
Similarly, Martínez-Gómez et al. (2010) reported significant differences in the cardiovascular 
risk index between tertiles of sedentary time indicating that those who spent more time 
sedentary had a higher cardiovascular risk than those who spent less time sedentary. When the 
participants were categorised according to adiposity levels and their level of sedentary time 
adolescents with higher levels of general abdominal adiposity and who spent more time 
engaged in SB had a higher cardiovascular risk score than those who spent less time in SB. 
Other studies have failed to observe any association. For example, Bailey et al. (2012) 
observed no significant association in relation to the total volume of sedentary time and a 
summary score for cardiometabolic risk. In addition, no differences were observed between 
tertiles of sedentary time with cardiometabolic risk. Similar null findings were reported by 
Bailey et al. (2017) for the total volume of sedentary time, number of prolonged bouts < 20 
minutes and duration of prolonged bouts with clustered cardiometabolic risk. No associations 
were present for breaks in sedentary time or for the duration of breaks. Similar findings were 
reported by other researchers (Ekelund et al. 2007; Cliff et al. 2014).  
Many studies have reported that the pattern of accumulation rather than the total volume 
of SB is associated with measures of cardiometabolic risk. For example, Altenburg and 
colleagues (2015) found no significant association between the total volume of SB and a 
cardiometabolic risk score. Interestingly, sedentary time accumulated in bouts of 5 and 10 
minutes with zero seconds tolerance above 100 counts per minute was significant associated 
with a risk score for cardiometabolic health. In addition, sedentary time accumulated in bouts 
of 10 minutes with 30 seconds tolerance was significantly and positively associated with 
cardiometabolic risk (Altenburg et al. 2015). Similar associations were observed by Saunders 
and colleagues (2013), who observed no significant association between the total time spent 
sedentary and continuous cardiometabolic risk. Breaks in sedentary time and the number of 
bouts lasting between 1-4 minutes were significantly and negatively associated with the 
continuous cardiometabolic risk score in both males and females (Saunders et al. 2013).   
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2.12.10 Section Summary: Role of Sedentary Behaviours on Cardiometabolic Health – 
Identifying the Research Gap 
From the information presented, it is clear that the influence of sedentary time variables on 
cardiometabolic health indicators is unclear. The inclusion of various cardiometabolic health 
indicators, use of different measurement devices, and contrasting approaches to statistical 
analysis and SB bout definitions may account for these conflicting findings (Atkin et al. 2013). 
Nevertheless, there is a need for more research using gold standard measuring devices.  
2.13 Standing Time and Cardiometabolic Health: Summarising the Evidence in Youth 
The majority of research that has investigated the relationship between activity behaviours and 
indices of health has done so through the use of accelerometers. Depending on the cut-point 
used, differentiating sitting from LIPA can be difficult and this has resulted in standing time 
being included with LIPA. The use of posture monitors with inclinometers have only very 
recently been introduced within the literature. For this reason, there are far less studies 
examining the relationships between standing time and cardiometabolic health accurately, 
unless of course an inclinometer was used or if a study specifically measured standing time 
through intervention studies.  
Within the youth literature, the majority of studies that have examined standing 
behaviour have done so through classroom intervention studies. Children and adolescents sit 
for longer during school-hours compared to non-school hours (Ridgers et al. 2012). Because 
of this, interventions in children and adolescents have begun to target reductions in sitting time 
with standing during school. Aminian and colleagues (2015) investigated the influence of 
modifying the classroom environment through increasing standing time and reducing sitting 
time in 9-10 year-old children. The intervention group consisted of 18 children who received 
height-appropriate workstations for 22 weeks, while the control group consisted of eight 
children who retained their normal desk and chairs. Sitting and standing behaviour were 
measured using the activPAL device at baseline, week five and week nine. When compared to 
the control group, the intervention group achieved a large increase in standing behaviour, 55 
minutes per day over the nine weeks, the children’s sitting behaviour reduced but the changes 
were small. The children and teachers were supportive of the dynamic classroom environment, 
thus highlighting that standing desks can successfully be implemented into the classroom as a 
feasible way to increase standing and reducing sitting behaviour (Aminian et al. 2015). Using 
a similar research design, Hinckson et al. (2013) showed that children in their intervention 
group, sat less, stood more and engaged in fewer sit-to-stand transitions thus deeming standing 
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workstations acceptable for classroom environments. Similar findings were reported from pilot 
studies in the UK and Australian primary schools, whereby the implementation of standing 
desks significantly reduced the amount of time spent sitting and standing (Clemes et al. 2016). 
 Clemes et al. (2016) suggest that although incorporating sit-to-stand desks in 
classrooms is a feasible way of reducing SB, more long-term trials are needed to determine 
their effect on indices of cardiometabolic health. The Make-A-Stand Kids Study is the first 
study that examined the impact of a long-term trial using height adjustable desks on markers 
of cardiometabolic health in Australian children. The intervention included pedagogical 
strategies that recommended teaching blocks of at least one hour be interrupted every 30 
minutes with a two minute guided light-intensity activity break (tossing a bean bag for two 
minutes). The teachers were required to implement nine key messages regarding the 
importance of reducing sitting time and increasing activity. In addition, the participants were 
required to engage in at least one 30-minute standing lesson daily. While the results of the 
intervention highlighted that the children’s time spent in prolonged sedentary bouts (measured 
using activPAL) decreased and the number of sit-to-stand transitions increased, no significant 
intervention effects were found for BMI, WC or BP (Contardo Ayala et al. 2016).  
2.13.1 Section Summary: Standing – Identifying the Research Gap 
There is a scarcity of literature examining the associations between objectively measured 
standing time (only) with indices of cardiometabolic health within youth populations. Of those 
that have included standing time within the research design, it has typically been implemented 
with light activities and most of the participant populations have been deemed healthy. To 
better establish the effects of standing time on markers of cardiometabolic health, longer-term 
trials assessing standing behaviour with gold-standard postural devices may be required, 
specifically amongst participants who are at risk for cardiometabolic health. 
2.14 Conclusion 
The preceding sections of this literature review highlight that adherence rates to the well-
established MVPA guidelines are poor and decline across the lifespan. It appears that this, 
coupled with excessive sedentary time are key risk factors for non-communicable disease and 
thus may implicate long-term health. Device-based measurement methodologies have become 
the preferred method of choice for the measurement of free-living activity behaviour. Whilst 
these methods have addressed and overcome some of the inherent limitations of subjective 
measures, they still have some pertinent precincts. At present, accuracy-of-measurement is to 
the pinnacle of research related to the assessment of PA and SB. Before one can begin to infer 
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associations between activity behaviours and indices of cardiometabolic health, robust and 
accurate measurement methodologies are required. With that, over the past number of decades, 
advancements in wearable technologies have enabled the assessment of activity behaviours 
across the entire PA intensity spectrum. However, wearable devices that are capable of 
measuring both EE and postural position have the potential to provide alternative ways and 
advance the ways in which sedentary time, standing time, LIPA and MVPA can be accurately 
measured. It is only when the most accurate methods have been ratified, can the associations 
between PA and cardiometabolic health be explored with precision. Once this has been 
achieved, one can begin to inform and implement policy and interventions to bring about 
sustained health change. It appears that limited research studies have been able to use or employ 
state of the art objective measures to directly assess each individual component on the PA 
intensity continuum and/or to determine how each of these behaviours effect cardiometabolic 
health in youth populations. The aim of this thesis is to address this research gap.  
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Regular participation in MVPA is key for long-term health (Lee et al. 2012; Kwon et al. 2015; 
Piercy et al. 2018). With this, national and international PA guidelines promoting the health 
benefits of regular participation have been developed (Bull et al. 2020). Despite these 
recommendations, global levels of MVPA are low, with one in three adults and four in five 
adolescents not achieving the minimum recommendations of PA for health (Hallal et al. 2012). 
In recent years, technological advancements in personal transportation, screen-based 
entertainment and communication have decreased the demand for PA and dramatically 
increased the amount of time spent sedentary (Dunstan et al. 2012a). Moreover, excessive 
sedentary time plays an important role in the development of risk factors for many chronic 
diseases (Wilmot et al. 2012). In spite of this knowledge, the volume of sedentary time 
accumulated continues to increase, with the majority of people spending up to 10 hours of their 
waking day sedentary (Ruiz et al. 2011; Loyen et al. 2017). The amount of time spent in 
sedentary behaviours, coupled with the likelihood of this to increase due to further 
technological developments, highlights SB as a significant public health issue (Owen et al. 
2010). Before one can begin to inform the development of public policy to modify these 
behaviours; there is a need to monitor and better understand how both PA and SB patterns 
change throughout important stages of life.  
Researchers struggle to define the span of time between child and adult. This is mainly 
due to the wide variation in the definitions and terms used to define different life stages. Many 
find themselves asking; when does childhood end, when does adulthood begin, and what 
exactly happens in the middle? The WHO define a “Child” as any person under the age of 18 
years,  an “Adolescent” refers to individuals in the 10-19 years age group, and an “Adult” is 
defined a person older than 19 years of age unless national law delimits an earlier age (WHO, 
2021). Early adulthood (defined here as 19-25 years) is a critical period for establishing 
lifestyle behaviours and is thus gaining recognition as an important time to implement health 
promotion strategies (Nelson et al. 2019). Specifically, the transition from adolescence to 
young adulthood is a poorly understood period, where many physiological and psychological 
changes occur that can influence one’s lifestyle and activity behaviours (Ortega et al. 2013). It 
is speculated that understanding how PA and SB track between these time periods may 
illuminate adolescent determinants of adult activity behaviours (McVeigh et al. 2016). The 
rationale for this is that, if good activity behaviours are practiced early in life, there is a higher 
likelihood they will persist later in life (Jones et al. 2013). This concept, known as tracking, 
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refers to the tendency of individuals to maintain their rank or position within a group over time 
(Malina 2001). Thus, tracking provides the opportunity to predict subsequent observations on 
the basis of earlier values. 
Many researchers have investigated the tracking of PA. Because tracking of PA is likely 
to vary during different phases of life, information on the tracking of these behaviours during 
specific transitional life periods is warranted. Information relating to the tracking of SB is 
sparse (Baggett et al. 2008). Studies that have observed the tracking of sedentary patterns and 
behaviours have reported highly variable findings and have mainly relied on subjective 
methods (i.e. self-reported TV viewing time), despite their repeated demonstration of 
considerable inaccuracies. 
A systematic review of the evidence for the tracking of both PA and SB from 
adolescence through to young adulthood is required. This transition period coincides with 
major life events that may include changes to one’s social, academic and/or employment status. 
It is relatively unclear if such changes affect health-related behaviours. With that, the purpose 
of this paper is to systematically review the available evidence on the tracking of PA and SB 
in both males and females from adolescence to young adulthood. The findings of this review 
will serve to strengthen our existing limited knowledge and will be used to unveil information 
that will inform targeted interventions to improve the current activity behaviours and health 
sequelae of young adults. 
3.2 Method: Review of Relevant Literature 
3.2.1 Search Strategy 
Search strategies were developed around three groups of keywords: type of activity behaviours, 
study design and type of measures used. The following electronic databases were 
systematically searched to identify potentially relevant studies: Web of Science, PubMED, 
SPORTDiscus, PsychINFO and CINAHL. The search strategy included the following terms: 
(“sedentary behaviour” OR “sedentary behavior” OR “sitting time” OR “physical activity”) 
AND (“longitudinal” OR “prospective” OR “tracking” OR “cohort”) AND (“activity monitor” 
OR “activity monitoring” OR “motion sensor” OR “motion sensing” OR acceleromet* OR 
pedomet* OR “heart rate monitoring” OR “heart rate monitor” OR “global positioning system” 
OR “self-report” OR “logs” OR “diaries” OR “questionnaires”). The final search on the 
included databases was completed in November 2018. 
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3.2.2 Study Inclusion and Exclusion Criteria 
Studies were considered eligible for inclusion if i) they examined males and/or females, ii) 
participants were aged between 9 and 18 years at baseline and iii) participants were followed 
through young adulthood (aged between 19-25 years at follow-up) and iv) they were 
prospective, longitudinal or tracking in design. The studies had to be published in peer-
reviewed journals since the year 2000 and written in the English language. Studies were 
included if they assessed the tracking of at least one PA and/or SB variable at a minimum of 
two time points. 
3.2.2.1 Exclusion criteria 
Studies were excluded if they: (i) included children < 9 years or adults aged > 18 years at 
baseline, or adults aged < 19 years at follow-up; (ii) examined tracking of sport participation 
or membership of a sports club/facility only; (iii) focused on clinical cohorts; (iv) were 
commentaries, conference proceedings; or, (v) were cross-sectional or intervention studies. 
3.2.3 Article Screening 
Once database searches were complete, all identified articles were imported to EndNote 
reference manager (Endnote X8) and duplicates were removed. The title of all articles was 
screened and articles that were clearly unrelated to the topic were removed. The abstracts of all 
remaining articles were then reviewed by two independent reviewers. Any discrepancies 
between the reviewers were resolved by a third reviewer. If abstracts were unavailable or 
provided insufficient data, the full text of the article was retrieved and examined to determine 
if it met the inclusion criteria. The full texts of all remaining articles were obtained and 
examined independently using the same review process. Finally, the reference lists of all 
identified articles were manually screened to identify any additional articles relevant to the 
review. 
3.2.4 Data Extraction and Quality Assessment 
All data was extracted on standardised data extraction tables by the lead author and reviewed 
by an independent researcher. Data extracted from each article included; general information, 
study characteristics, participant characteristics, outcome measures/behaviour characteristics, 
statistical analysis and results. Included articles in this review were assessed for methodologic 
quality using a 19-item scale (Appendix B). This scale combines relevant and appropriate 
questions from both the modified version of the “criteria list for assessment of the 
methodological quality of prospective and historical cohort studies” (Singh et al. 2008) and the 
“quality criteria list for observational longitudinal studies” (Tooth et al. 2005). The 
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methodological quality of each article was assessed under five criteria: (i) study population and 
participation rate; (ii) study attrition; (iii) data collection; (iv) outcome measurement; and, (v) 
data analysis. 
Two independent reviewers scored each criterion as positively (+), negatively (-) and 
insufficiently/not described (?) for each article. For a positive score, each item needed to be 
sufficiently explained so that the researcher could identify whether the criterion was met. If the 
study reported inadequate information about the criterion, it received a negative score. To score 
the methodologic quality of the included studies, the positive scores were summed and 
converted to a percentage ≥ 75% was considered to be high quality, 70-74% was considered 
moderate and < 70% was considered to be low methodological quality. 
3.3 Results: Evidence Synthesis 
3.3.1 Article Identification 
The search strategy yielded 11,652 potentially relevant articles (Web of Science = 4,371; 
PubMED = 3,542, SportsDiscus, CINAHL and PsychInfo = 3,739) (Figure 1). When references 
from all databases were exported to Endnote and all duplicates removed, a total of 9,042 articles 
remained. All article titles and abstracts were screened resulting in 43 full-text articles for 
review. In addition, 14 articles were identified from the reference lists of the full-text articles 
and a further 11 articles were retrieved from database updates. Of the 68 identified articles, 
only 16 articles were considered eligible for this review. Of the included studies, ten were 
conducted in Europe, five in the USA and one in Canada. Twelve papers assessed the tracking 
of PA only, one paper assessed the tracking of screen-time only and three papers assessed the 
tracking of both PA and SB. The majority of studies assessed PA and/or SB through the use of 
questionnaires (n = 12), while four studies used objective measures to determine PA and/or 
SB. A description of the article numbers included and excluded at different levels of this review 
is provided in Figure 3.1. Descriptive information for each included study is provided in Table 
3.1. 




Figure 3.1. PRISMA flow diagram displaying study selection. 
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Table 3.1. Descriptive information for each of the included articles. 
First Author Year Country of 
Origin 













2005 Norway Male:47%       
Female: 53% 
13.3 ± 0.3 21 557 8 years Self-report Frequency & time 
measure questions taken from 
the WHO Cross-national survey 
of European schoolchildren & 
Health behaviour in school 
children surveys. 
Boreham et al. 
(2004) 
2004 Ireland Male: 51.5%   
Female:  48.5% 
15 22 476 7 years Habitual physical activity 
questionnaire & modified 




2015 Belgium Males:46.4%  
Females:53.6% 
9.9±.43 19.9±.43 593 10 years Questionnaire (sedentary 
behaviour and individual, 
social, and environmental 
variables). 
Fuller et al. 
(2011) 
2011 Canada Males:46%  
Females:64% 
12.7 years 20 years 808 8 years 7 day recall adapted from the 
weekly activity checklist. 
Gordon-
Larsen et al. 
(2005) 









13,030 6 years Add Health questionnaire (PA 
and screen-time). 
Kimm et al. 
(2000) 
2000 USA Females:100% 9-10 years 18-19 
years 
2379 10 years Caltrac activity monitor, 3day 




2008 Norway Not reported 13.3 23 630 10 years Self-report questionnaire 
(included global & specific 
types of leisure-time physical 
activity). 
Li et al. [33] 2016 USA Not Reported 16.1 20 561 4 years ActiGraph accelerometer 
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Ortega et al. 
(2013) 
2013 Spain Males: 45%  
Females: 55% 
9-15 years 18-25 1800 10 years ActiGraph accelerometer. 
Owens et al. 
(2013) 





Self-report questionnaire (based 
on physical activity & screen-
time). 
Rauner et al. 
(2015) 
2015 Germany Male: 47%  
Female: 53% 
T0: 11-13 years 
&14-17 years  
T1: 17 to 
19 years & 
20-23 
years. 





2013 Sweden Males: 52.5% 
Females: 47.5% 
12-14 years 24-25 
years 
40 10 years Yamax SW-200 pedometer 
Simons et al. 
(2015) 
2015 Belgium Males: 50.5%  
Females: 49.5% 







apart ~ 20  
years 
374 2 years Minnesota leisure-time physical 
activity Questionnaire 
Telama et al. 
(2005) 
2005 Finland Not reported 9 years 39 years 1563 9 years Short self-report questionnaire 
Walters et al. 
(2009) 
2009 USA Not reported 15.9 20.4 1709 5 years Adapted version of Godin 
leisure time exercise 
questionnaire 
Young et al. 
(2018) 
2018 USA Females 100% 14 years 23 years 428 9 years ActiGraph accelerometer MTI 
model 7164  
 115  
 
 
3.3.2 Quality Assessment & Data Synthesis 
The quality assessment score of each individual article can be found in Appendix B. The twelve 
papers that reported outcomes on the stability of PA only, scored between 73.6% and 100%. 
The three studies that reported on both PA and SB outcomes scored between 68.4-94.7% on 
the methodological quality assessment tool. The only study using objective methods to assess 
both PA and SB had a moderate methodologic quality score of 78.9% (Ortega et al. 2013). One 
study, Busschaert et al. (2015), reporting solely on screen-time as a surrogate measure of SB, 
was deemed to have a high methodologic quality score (89.4%). As there was considerable 
heterogeneity of the data in terms of analysis methods, age of adolescents and adults 
participating in the studies and length of follow-up, statistical pooling of the results were not 
possible. To facilitate comparison amongst studies, a description of the key study 
characteristics and tracking outcomes (where possible) are included, with papers grouped 
according to the statistical analysis methods used. 
3.3.3 Studies which Employed a Tracking Coefficient 
Studies that included correlational statistics predominantly used tracking coefficients to 
observe the stability of activity over time. Table 3.2. presents information on tracking the 
frequency and/or duration of PA using correlational statistics. To allow for comparison 
between studies, tracking coefficients were extracted from each article and classified as low (< 
0.30), moderate (0.30-0.60) or high (> 0.60) (Malina 2001). 
3.3.3.1 Frequency of Physical Activity 
Four studies used correlation coefficients to track the frequency of PA from baseline to follow-
up and showed that the tracking for frequency was low-to-moderate from adolescence to young 
adulthood (Anderssen et al. 2005; Kjonniksen et al. 2008; Raustorp and Ekroth 2013; Rauner 
et al. 2015). The tracking of PA between boys and girls were inconsistent. Rauner et al. (2015) 
showed that the frequency of overall PA (defined as the number of days during the last seven, 
and during a typical week spent in moderate PA of at least 60 minutes per day) showed low 
tracking for both girls (r = 0.201) and boys (r = 0.198). Despite being stronger for females, the 
correlations did not differ significantly between boys and girls. Similarly, Kjonniksen et al. 
(2008) observed that females when compared to males showed a slightly stronger association 
(0.23 versus 0.21) between the number of physical activities engaged in at age 15 and leisure 
time PA at age 23. Two studies showed the stability of PA to be significantly stronger for males 
(Anderssen et al. 2005; Raustorp and Ekroth 2013) (Table 3.2.). Overall, the tracking of the 
 116  
 
 
frequency of PA appears to be greater with increasing baseline age and shorter follow-up 
periods. 
3.3.3.2 Duration of Physical Activity  
Two studies used correlation coefficients to track the duration of PA (Anderssen et al. 2005; 
Rauner et al. 2015). Tracking the duration of PA appeared to be low-to-moderate from 
adolescence to young adulthood and appeared stronger for males (Table 3.2.). The tracking 
coefficient for youth aged between 12-13 years at baseline ranged from 0.43-0.72 for males 
and 0.10-0.35 females over a follow-up period of 3-8 years respectively. Using a combination 
score of activity behaviour (PA index: frequency, intensity, duration and participation in 
organised sport), Telama et al. (2005) revealed that tracking coefficients varied from low-to-
moderately high; and were significantly stronger for females (0.61, p < 0.01) than males (0.37, 
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Table 3.2 Studies reporting tracking correlation coefficients of physical activity from baseline to follow-up. 
Frequency of Physical Activity 















Anderssen et al. (2005) 557 13.3 ± 0.3 
















 Frequency of activities per week that caused one 
to sweat or loose one’s breath. 
Kjonniksen et al. (2008) 630 13.3 years 10 0.21** 0.23***  Number of physical activities participated in at 
age 15 and frequency of leisure time physical 
activity at age 23. 


















0.47 Tracking according to pedometer 
recommendations. 
Daily step counts. 
Daily step counts. 
Rauner et al. (2015) 947 14-17 6 0.198* 0.201* 0.208* Overall physical activity, days/week. 
 
Duration of Physical Activity 
Anderssen et al. (2005) 557 13.3 ± 0.3 














 Hours per week spent in activities that caused 
one to sweat or lose one’s breath. 
















Leisure time physical activity: min/week. 
Sports club physical activity: min/week. 
Overall sports index: min/week. 
Combination 















 Physical Activity Index: Frequency, intensity, 
duration & participation in organised physical 
activity. 
Boldface indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001). 
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3.3.4 Studies which Employed Statistical Modelling Techniques 
Five studies used statistical modelling techniques to investigate the change in PA over time 
(Kjonniksen et al. 2008; Walters et al. 2009; Fuller et al. 2011; Ortega et al. 2013; Young et 
al. 2018). Comparison of the findings is difficult due to the range of variables measured. Fuller 
et al. (2011), using a multilevel general linear model method (adjusted for BMI, sex, mothers’ 
education and school socioeconomic status) reported a significant (p < 0.001) decline in total 
PA (β (Standard Error (SE));-12.5 (0.3)) and frequency of moderate- (β (SE); -7.8 (0.3)) and 
vigorous-intensity PA sessions (β (SE); -4.2 (0.1)) from 12 years to 20 years. Using self-
reported global leisure time PA as an indicator in a multivariate multilevel model of change, 
Kjonniksen et al. (2008) identified a stronger average decline in leisure time PA for males (β 
(SE) (-0.17 (0.01)) when compared to females (β (SE); -0.09 (0.1)) from 13-23 years.  
 Young et al. (2018), using a generalised linear model reported a significant decline in 
objectively measured MVPA from 20.7 (10.40) minutes/day at 14 years of age to 16.4 (14.99) 
mins/day at the age of 23 in a group of female adolescents. Similarly, Walters et al. (2009) 
showed a significant decline in weekly MVPA of 1.7 hours (p < 0.001) per week for males and 
2.6 hours (p < 0.001) for females (adjusted for race and stratified by gender) who previously 
participated in school sports at 15 years. For those who did not participate in organised sport 
during high school, MVPA did not significantly change during young adulthood for males, but 
declined by 0.8 hours (p < 0.001) for females. Moreover, Simons et al. (2015) reiterated that 
the time spent in leisure time PA declined by 1.21±3.36 hours per week after leaving high 
school (N = 374). Using objective measures of activity and a similar statistical analysis 
approach, Ortega et al. (2013), looked at the longitudinal changes in activity behaviour and 
illustrated that MVPA significantly decreased by 2.2 min.day-1 per year (p < 0.001) for males, 
while the decline was less for females (0.8 min.day-1). 
Kappa Statistics were reported in three studies (Boreham et al. 2004; Anderssen et al. 
2005; Kjonniksen et al. 2008). A kappa coefficient of ≤ 0.20 is considered to be poor, 0.21-
0.40 fair, and 0.41-0.60 moderate (Altman 1990). The studies had baseline ages ranging from 
13.3-17.0 years with participants followed for 5-8 years. Kappa statistics for all studies can be 
considered, poor to fair for males (k = 0.14-0.38, significant) and weaker relationships were 
evident for females (0.08-0.02). 
3.3.5 Studies which Employed Odds Ratio Analysis 
Appendix B presents information on the odds of achieving recommendations for PA or screen-
time at follow-up based on baseline levels. The guidelines for PA were measured based on 
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achieving 60 minutes of MVPA on 7 days of the week. Screen-time was measured based on 
the current Canadian SB guidelines for youth (maximum 2 hours/day of screen-time) 
(Tremblay et al. 2011b). Two studies reported on the probability of being physically active in 
young adulthood based on adolescent activity behaviour (Telama et al. 2005; Owens et al. 
2013). Again, a comparison of the findings is difficult due to the variation in variables 
examined. Telama et al. (2005) reported that continuous PA throughout adolescence presented 
higher probabilities of being active during young adulthood for both males and females, with 
odds ratios (OR) of 19.2 (95% CI; 6.2, 59.1) and 6.1 (95% CI; 1.5, 24.4) respectively. Using 
binary logistic analysis, Owens et al. (2013) reported that female adolescents were 42.4% less 
likely than males to change from meeting the recommendations for PA during baseline (aged 
14-17 years) to not meeting the guidelines two years post compulsory education (OR 0.576; 
95% CI, 0.335, 0.989). One study reporting solely on the tracking of screen-time, identified the 
tracking of screen-time was only evident in boys (Busschaert et al. 2015). 
3.3.6 Studies which Employed Percentage Change Analysis 
Table 3.3. presents studies reporting the percentage change in activity according to one’s 
relative position at baseline and follow-up. Li et al. (2016), using objective methods to assess 
MVPA, identified that < 9% (N = 561) of their participants achieved the minimum 
recommended 60 minutes MVPA per day as they transitioned to young adulthood. In addition, 
male participants (25-36 minutes/day) were significantly more active than their female 
counterparts were (13-23 minutes/day; p < 0.001) on both weekdays and weekends 
respectively. Kimm et al. (2000), identified that weekly habitual PA (MET-times.wk-1) 
declined by 83% over ten years. Of the included studies, the majority of participants were not 
meeting the recommendations for PA and SB at baseline or follow-up. Owens et al. (2013), 
reported that only 3.9% of the total population enrolled in their study (N = 886) met the 
guidelines for PA both at baseline and follow-up. Similarly, Gordon-Larsen et al. (2005) 
identified that only 5.9% of the males and 2.7% of the females participating in their study (Ntotal 
= 13,030) achieved the guidelines at baseline and follow-up. In general, participants moved 
from meeting the recommendations for PA at baseline to not meeting them at follow-up. 
Rauner et al. (2015), showed that more than half (58.9%) of the study population went from 
fulfilling the recommendations for MVPA at baseline to not fulfilling them at follow-up. 
Furthermore, Owens et al. (2013) reported a smaller (10.1%) but similar trend. 
Using a surrogate measure of SB, Gordon-Larsen et al. (2005), investigated the relative 
position of one’s’ activity using the Canadian ST guidelines (maximum 2 hours/day of ST). 
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Over a 6-year period, 43.9% of males and 29% of females maintained ≤ 14 hours per week of 
TV viewing and computer game use from baseline to follow-up. Additionally, 18.4% of 
females and 16.4% of males moved from meeting the guidelines at baseline to not meeting 
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Males Females All Note 
Absolute Percentage: Physical Activity Change (%) 








 Habitual physical activity (MET-times.wk-1). 
Activity diary score (MET-min.d-1). 
Population Percentage Change (%) 
Anderssen et 
al. (2005) 








 18% males & 21% females reported increase in frequency of physical activity.  
Reported frequency decline. 
Reported increase in duration. 
Reported decline in duration. 
Rauner et al. 
(2015) 




LTPA (min.wk-1): moved from being active at baseline to inactive. 
LTPA (min.wk-1): inactive at baseline to active. 
OPA (meeting MVPA recommendations): Fulfilled at baseline to unfulfilled. 
OPA: unfulfilled at baseline to fulfilled. 
Population Percentage: Activity Tertiles (%) 
Anderssen et 
al. (2005) 
557 13.3 ± 0.3 
13.3 ± 0.3 
13.3 ± 0.3 
 
13.3 ± 0.3 
13.3 ± 0.3 






















 Remained High activity tertile (4-6 times.wk-1) at baseline and 19 years. 
Remained High activity tertile (4-6 times.wk-1) at baseline and 21 years. 
Remained Medium activity tertile (2-3 times.wk-1) at baseline and 19 years. 
 
Remained Medium activity tertile (2-3 times.wk-1) at baseline and 21 years. 
Remained Low activity tertile (1 time.wk-1 or less) at baseline and 19 years. 
Remained Low activity tertile (1 time.wk-1 or less) at baseline and 21 years. 
Young et al. 
(2018) 





 Remained in the consistently inactive group at all 3 periods (MVPA decreased at 
all-time points) 
Remained in the decreasingly active group, (MVPA similar during first 2 time 
points and then decreased). 
Remained in the Increasingly active group, (MVPA increased at all-time points). 
Population Percentage: Recommendations (%) 
Gordon-
Larsen et al. 
(2005) 
















 Achieved 5 or more sessions MVPA at baseline and follow-up. 
Did not achieve 5 or more sessions MVPA in either period. 
Achieved 5 or more sessions MVPA at baseline but not at follow-up. 
Did not achieve 5 or more sessions MVPA at baseline but did at follow-up. 
Achieved ≤ 14 hr.wk-1 TV, video viewing, and computer game use at both periods. 
Did not achieve ≤ 14 hr.wk-1 TV, video viewing, and computer game use in either 
period. 
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Achieved ≤ 14 hr.wk-1 TV, video viewing, and computer game use at baseline but 
not at follow-up. 
Did not achieve ≤ 14 hr.wk-1 TV, video viewing, and computer game use at baseline 
but did at follow-up. 
Li et al. 
(2016) 






Meeting PA guidelines at baseline and follow-up during week days 
Meeting PA guidelines at baseline and follow-up during weekends 


















Meeting PA guidelines at baseline. 
Meeting PA guidelines at follow-up. 
Not meeting PA guidelines at baseline: not meeting them at follow-up. 
Not meeting PA guidelines at baseline: meeting guidelines. 
Meeting PA guidelines at baseline: not meeting guidelines. 
Meeting PA guidelines at baseline: meeting guidelines. 




The transition from adolescence to young adulthood is now gaining credence as an important 
period for targeting disease prevention. Despite a large variation in measurement 
methodologies and activity behaviour outcomes, the studies examined in this systematic review 
generally support the tracking of activity behaviour from adolescence to young adulthood. 
However, the tracking correlations (Table 3.2.) for both the frequency and duration of PA were 
low-to-moderate over a follow-up period of 3-10 years. This finding suggests that relative 
position within the sample distribution of individuals most likely changed to some degree over 
the studies follow-up periods. Predictably, activity levels generally declined over the 
measurement periods. This finding concurs with literature suggesting that PA levels decline 
across the lifespan, particularly during adolescence (Corder et al. 2017). The finding that PA 
does track to some degree has implications for health-related research as it has been proposed 
that activity patterns adopted during adolescence track into adulthood and may increase the 
risk of many chronic diseases including cardiovascular disease, obesity and type II diabetes 
(Martínez-Gómez et al. 2010). 
Inconsistent gender differences were observed when tracking the frequency and 
duration of PA. The pronounced differences across studies may be attributed to regional 
differences, differences in the follow-up periods (Ortega et al. 2013) or the gender-specific 
adaptations required in both the social environment and newly acquired responsibilities as one 
transitions from adolescence to young adulthood (Kwan et al. 2012). It is not within the scope 
of this review to fully address the inconsistent findings. However, the results reported reinforce 
the need to: (i) investigate activity behaviour in a gender-specific manner; and, (ii) design 
future studies that will provide insight into the factors that influence activity behaviour among 
males and females during the transition from adolescence to young adulthood.  
The results of the present review confirm that the trajectory and direction of one’s 
activity behaviour changes as they transition from adolescence into young adulthood. This can 
be influenced by changing life events that may occur during this time. To illustrate, one study 
Simons et al. (2015) included in this review tracked the association between life events 
(moving out of home, working full-time and studying full-time) and changes in leisure time 
PA after leaving high school. The results demonstrated no significant associations between 
moving out of home or working full-time with changes in the participants leisure time PA. 
However, what is interesting to note is that those who continued in full-time education had a 
smaller decline in leisure time PA (p < 0.10). Similar findings were observed by Li et al. (2016),  
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whereby those attending college or living on campus were more likely to engage in MVPA 
(post high school), compared to those who were not attending college and those who lived at 
home. These findings are important as they exemplify that continuing full-time education, or 
living on campus post high school may have a protective effect on one’s activity. Due to the 
limited studies assessing life events in conjunction with objectively measured activity 
behaviours as one transitions to young adulthood, we suggest that this is an area for future 
research.  
To our knowledge, this is the first systematic review to investigate the tracking of both 
PA and SB. Of the included studies, studies that examined the tracking of SB were less frequent 
and only examined surrogates of SB in specific domains (i.e. self-reported TV viewing time 
and computer use) (Gordon-Larsen et al. 2005; Owens et al. 2013; Busschaert et al. 2015). 
None of these studies reported tracking coefficients, making it difficult to determine how 
surrogate measures of SB track from adolescence to young adulthood. Moreover, only one 
study used an objective device to measure the longitudinal changes in sedentary time and 
identified that the time spent sedentary increased from childhood to adolescence (~ 15 and 20 
min.d-1 per year for girls and boys respectively), with no significant change observed between 
adolescence and young adulthood (Ortega et al. 2013). The findings of this single study are 
interesting but should be viewed with caution until more studies are available, as the device 
employed (ActiGraph accelerometer, LLC, Pensacola, Florida) has limited validity when 
assessing patterns of sedentary accumulation (Lyden et al. 2012). The findings from studies 
that examined sedentary time in this review have revealed that the use of different 
categorisation criteria and analysis techniques to measure and analyse the tracking of SB 
variables limits the potential for synthesis of information. We recommend that future tracking 
studies should consider appropriate gold-standard measurement methodologies, for example 
objective measurement tools, and statistical analysis techniques that report fixed outcomes (for 
example, minutes of MVPA.wk-1). This will provide researchers with an opportunity to 
harmonise the evidence collected when different categorization criteria, measurement and 
analysis methods are used. 
The accurate and reliable measurement of lifestyle behaviours is complex (Lyden et al. 
2012). The majority of the included studies (86%) used subjective measurement tools as 
surrogate measures of activity behaviour. Although subjective measurement tools are easy to 
use, reduce cost and are less invasive (Jones et al. 2013), the accuracy of the results obtained 
remains uncertain due to social desirability bias and individuals having difficulty recalling 
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intermittent habitual activity behaviours. It is worth noting that some of the included studies 
provided the participants with the same self-report measurement tool during all follow-up 
periods. As one ages, their pattern of activity diversifies and the nature of their leisure time 
activity (particularly females) may change, using the same questionnaire to track activity 
behaviour longitudinally may not provide us with an accurate account of behaviour change. 
The use of self-report instruments for research in tracking studies should be relied on less and 
deemed unacceptable if we are to advance this field of research.  
The findings from the present review highlight the need for objective measurement in 
tracking research; as worn devices can capture rich information across the activity spectrum 
from standing, stepping, light, moderate and vigorous intensities and the patterns of these 
behaviours. In addition, the use of these objective measures will provide greater reliability and 
validity (Dowd et al. 2012a). In the present review, only three studies (Ortega et al. 2013; 
Raustorp and Ekroth 2013; Young et al. 2018) used objective measures to assess PA and/or SB 
thus we do not have sufficient evidence from these studies to support the tracking of activity 
behaviour from adolescence to young adulthood. We propose that when selecting a 
measurement tool for use in tracking studies, careful consideration should be given not only to 
the feasibility of the tool used but also its validity, reliability and sensitivity to detect changes 
over time (Telama 2009). 
The present analysis is dominated with studies that only tracked participants over two 
time-points. The lack of multiple and longer follow-up measurement periods limits our 
understanding of the timing of changes in PA and SB during the transition to young adulthood. 
The multiple analysis methods used to assess the tracking of PA and SB in the present review 
inhibits our ability to draw more statistically powerful conclusions via meta-analysis. 
Furthermore, the majority of the included studies used statistical analysis that incorporated 
correlation coefficients. An issue with using this method of analysis is that correlations only 
identify the strength of association and do not control for confounding variables. An 
assumption made in tracking is that the activity recording method is consistent. This may not 
always be the case, particularly when tracking periods do not adjust for seasonal variation or 
changes in responses to questionnaires with age. Consequently, tracking coefficients should be 
adjusted to take this variation into account (Dowd et al. 2018). To improve our knowledge on 
the tracking of activity behaviour, the use of objective methods, inclusion of adjustments of 
tracking correlations for error variance, and multiple measurement periods are required to 
better understand the timing and quantification of the rate of change of behaviour. 
 126  
 
 
3.4 Strengths and Limitations 
To the authors’ knowledge, the current review is the first and only systematic literature review 
to specifically investigate the tracking of both PA and SB during the transition from 
adolescence to young adulthood. The use of an extensive systematic search strategy enabled 
the inclusion of all relevant studies. In addition, the use of two researchers to conduct data 
extraction procedures allowed a thorough assessment of each study and synthesis of the 
findings from each study in an unbiased manner. The inclusion of a novel quality assessment 
tool, examination of both PA and SB, the use of both subjective and objective measures of 
activity behaviours enabled an extensive and novel review of this important research area. 
The limitations of this review need to be considered. The majority of studies included 
were based on self-reported measures of activity behaviour. The use of self-report methods 
tends to ignore the contribution of intermittent habitual activity (e.g. active transport, periods 
of sitting etc.,) and under/overestimate the behaviours being assessed. Different time-frames 
were utilised across the studies and so seasonal variation could influence the results. The 
included studies were mainly European, which limits the generalisation of the findings. Due to 
the small number of studies included, large heterogeneity in the categorization of activity 
behaviours and limited studies assessing SB, it was not possible to complete a meta-analysis. 
3.5 Conclusion 
Based on appraisal of individual studies, this review found evidence that PA and SB show low-
to-moderate tracking during the transition from adolescence to young adulthood. The findings 
show a weakening of the strength of tracking over longer time periods, and increased tracking 
stability with increasing baseline age. Generally, PA declined with age, while SB tended to 
increase, though the evidence for this is weaker. Conflicting evidence on the strength of 
tracking in males and females was observed. Not only is the presence of obesity and unhealthy 
activity behaviours during this transition associated with increased risk for chronic illness, but 
this also may be a critical time where one can adopt healthy behaviours. The lack of studies 
reporting on the tracking of SB during this developmental stage indicates that this area should 
be a target for future research. Such cohort studies are required urgently given that this is a 
period where participation in PA decreases and is coupled with an increase in SB. A clear 
understanding of the longitudinal temporal trends of PA and SB across this developmental 
period is needed to guide government activity recommendations and to enable the effectiveness 
of activity intervention in adolescence for long-term activity change to be evaluated. 
 

















Chapter Four – Methods I: Simultaneous Validation of Activity 
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Although the health benefits of PA are widely known, knowledge gaps remain. Some of these 
gaps result from the imprecise assessment of PA in research studies (Lee and Shiroma 2014). 
Historically, activity behaviours were assessed using a combination of methods including: (i) 
self-report measures; (ii) direct observation; (iii) doubly labelled water; and, (iv) heart rate 
monitoring. Given the inherent limitations associated with recall in self-report methods and the 
high cost and burden associated with the aforementioned other objective methods; valid, 
reliable and affordable measurement tools are needed for studies of PA in youth before further 
links can be investigated with health (Lee and Shiroma 2014).  
Accelerometer-based activity monitors that provide real-time estimates of the duration, 
frequency and intensity of activity have become the preferred method of choice for measuring 
activity behaviour in free-living populations (Dowd et al. 2018). This is primarily due to their 
robust validity, reliability, affordability, ease-of-use and the detailed information that can be 
obtained from them. Most accelerometer-based devices record and store raw accelerations, 
however different companies vary on how they filter and process the data. Generally, once 
exported, the output from the accelerometer is presented in arbitrary units (referred to as 
activity or accelerometer counts) over a specified unit/epoch of time (e.g. 60 seconds). The 
accelerometer counts provide an indication of overall movement but the fundamental research 
challenge is to determine how counts can be converted into more meaningful units. This 
challenge is usually addressed in calibration studies where the accelerometer counts are related 
to either energy expenditure, oxygen consumption or metabolic equivalents (METs) to give a 
more interpretable measure of PA intensity (Harrington et al. 2011b). 
As accelerometer-based monitors have evolved, so too has the amount of studies 
validating their use as measures of PA intensity. Controversy now exists when analysing PA 
data as researchers must choose from multiple devices and multiple sets of count-to-activity 
thresholds to determine SB, light-, moderate- and vigorous-PA (Trost et al. 2005). The use of 
multiple devices coupled with varying thresholds and validation analysis techniques makes it 
extremely difficult to cross-compare the results between devices or studies. This can prove 
problematic, especially in large-scale longitudinal studies. Powell and colleagues highlight that 
the ability to compare data from various studies will benefit researchers by enabling 
harmonisation of data with greater accuracy, thus providing greater knowledge of the 
relationship between activity behaviours and indices of health (Powell et al. 2017). Within the 
adolescent context, there is a need to move towards a standardised approach to accelerometer 
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data reduction as the absence of comparative validity data has created a gap within the 
literature. 
As discussed in chapter two of this thesis, the activPAL PA monitor has been deemed 
the gold-standard for the measurement of sedentary time and for differentiating transitions from 
sitting to standing (Kozey-Keadle et al. 2011a). As well as being a postural monitor the 
acitvPAL can be used as an accelerometer. For example, through applying specific count-to-
activity thresholds it enables the determination of specific PA intensities i.e., LIPA and MVPA. 
Using the postural classification in conjunction with specific count-to-activity thresholds, the 
activPAL can quantify the time spent sedentary and standing along with the time spent in LIPA 
and MVPA. Previous research from our group has developed and validated count-to-activity 
thresholds for the uniaxial version of the activPAL for use in a female adolescent population 
(Dowd et al. 2012b). However, no such thresholds exist for the activPAL 3 micro for a mixed 
adolescent population. 
Currently, due to the large amount of individual validation studies, it is impossible to 
cross-validate the results between different monitors or to directly compare results across the 
adolescent studies. To address this issue, researchers in the field have called for the 
harmonisation of data from different monitors and/or studies. Accordingly, the aims of this 
study were thus, twofold. Firstly, the overarching aim of this study was to develop and validate 
an activPAL 3 micro count-to-activity threshold for the determination of MVPA in a mixed 
adolescent population. A secondary aim was to develop and validate count-to-activity 
thresholds for LIPA and MVPA for other commonly used activity monitors (activPAL, 
ActiGraph wGT3x-BT, ActiGraph GT1M & GENEActiv) using VO2 determined from a 
mobile metabolic unit as the criterion. The inclusion of other monitors was influenced by the 
amount of “confusion” in activity monitor validation literature i.e., analysis techniques and 
included activities. The thresholds developed for each of the included monitors will enable 
researchers to reprocess data that was collected using different activity monitors thereby 
enabling the harmonisation of adolescent accelerometer data. 
4.2 Methods 
4.2.1 Participant Eligibility and Recruitment 
A random sample of 62 adolescent males and females were recruited from two second level 
schools in the mid-west region of Ireland. Eligible participants were required to be between the 
ages of 15-18 years and free from injury or any medical condition that would constrain their 
participation in PA or exercise. No exclusions were placed on the participant’s level of fitness 
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or other health behaviours. Once written informed consent was obtained from the school 
principals, all participants were provided with parental and participant information sheets, 
consent forms and a physical activity readiness questionnaire (PAR-Q) (Appendix C). 
Participants were selected for inclusion once participant and parent assent were retrieved and 
they had completed and successfully passed the PAR-Q. A lowest random numbers table was 
used to assign each participant to either an equation development group or a cross-validation 
group. Ethics committee approval was granted by the Faculty of Education and Health Sciences 
Research Ethics Committee at the University of Limerick (EHSREC 11-48, EHSREC 10-26).  
4.2.2 Activity Measurement Devices 
During testing procedures, participants were required to wear five activity monitors. The 
characteristics of each activity monitor are described in Table 4.1. To reduce any potential 
inter-device error, the same activity monitors were used throughout the entire testing period. 
The alignment of data was achieved by synchronising the internal clock of each activity 
monitor with the same computer. All monitors were set to record with 15 second epochs. To 
enable a more accurate detection of acceleration during the lower intensity activities (Migueles 
et al. 2017), the low-frequency extension filter was applied to the ActiGraph wGT3X-BT data.  
 
Table 4.1. Characteristics and specifications of all included devices. 
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4.2.2 Metabolic Testing 
Breath-by-breath oxygen uptake (VO2, ml.kg.min
-1) and carbon dioxide production (VCO2, 
ml.kg.min-1) was recorded in 30 second averages for each activity using the CosMed K4 b2 (K4 
b2) (CosMed, Rome, Italy). The device has been shown to be a reliable measure of oxygen 
uptake over a range of exercise intensities (McLaughlin et al. 2001; Bassett et al. 2012).  
Briefly, the K4 b2 is a battery operated, portable, wireless device worn on the chest via 
a harness with a heart-rate receiver attached. Each participant was fitted with a rubber facemask 
(Hans-Rudolph, Kansas City, USA) affixed via a head harness. Within the facemask, an inner 
gel seal surrounded the perimeter of the participant’s nose and mouth to prevent air leaks. The 
mask was attached to a flowmeter with a bidirectional digital turbine and opto-electric reader 
that allowed for the determination of O2 and CO2 content. Prior to each testing session and 
following a standard 45-minute warm-up period, the K4 b2 was calibrated immediately in 
accordance with the specifications of the manufacturer. Flow control and gas calibration was 
performed using the K4 b2 automated calibration procedures and then the CO2 and O2 analysers 
were calibrated against a reference gas of known concentrations (4.01% CO2
 and 16 % O2) as 
well as room air. Each participant’s data were downloaded and stored on the main 
investigator’s PC directly after each testing period.  
The output from each accelerometer was aligned with the steady state VO2 for each 
activity performed. Resting metabolic rate (RMR) was measured for each participant which 
enabled the intensity of each activity to be individualised per participant. The measurement of 
individual RMR was appropriate as use of the standard 1 MET as 3.5 ml.kg.min-1has been 
shown to have limitations for calculating metabolic rate (Mansoubi et al. 2015) and it does not 
represent the RMR of younger populations (Butte et al. 2018). For example, RMR is higher 
during youth and is said to decline from ≈ 6 ml.kg.min-1 from the age of five to 3.5 ml.kg.min-
1 by the age of 18 years (Puyau et al. 2004; Harrell et al. 2005). For this study, the measured 
value for each individual’s RMR was assigned to be 1 MET, and all other measured values 
were expressed relative to this.  
4.2.3 Calibration activities 
The selection of the activities included in this research was predominantly informed by 
previous research that highlights best practice for wearable monitor calibration and validation 
studies (Welk 2005; Bassett et al. 2012). Consistent with the recommendations of Welk and 
colleagues, data from the Irish Sports Monitor and the Children’s Sport Participation and 
Physical Activity Study were used to select the most common activities performed by Irish 
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adolescents aged 15-18 years (Lunn et al. 2008; Woods et al. 2010). Prior to testing, each 
participant was provided with a bank of 20 exercises that had been used in previously published 
accelerometer validation research which were categorised based on the compendium of PA and 
ranged in intensity from sedentary to vigorous (sedentary (≤ 1.5 MET’s), light (> 1.5 - < 3 
MET’s), moderate (≥ 3 - < 6 MET’s), vigorous (≥ 6 MET’s))) (Ainsworth et al. 2011) (Table 
4.2.). The participants were required to rank in order how regularly they achieved each activity 
on a daily basis. Using this information, the main researcher assigned activities to each 
participant for their testing period. The random selection of the activities included in this 
protocol aimed to mimic a more free-living natural environment despite being based in an 
indoor laboratory setting. 
Each participant performed a maximum of 8 standardised activities across all 4 intensity 
categories. Sedentary and light intensity activities were performed for a duration of 5 minutes, 
while moderate and vigorous intensity activities were performed for 7 minutes. These durations 
were selected as VO2  should reach steady state after 3 minutes for light intensity activities and 
after 3-5 minutes for more intense exercise (Poole et al. 1991). The attainment of steady state 
was confirmed by inspection of recorded HR and VO2 values (Trost et al. 2005) The first 2 
minutes (to allow for steady state) and the last minute (subjects stopped due to volitional 
fatigue) of each activity were eliminated. The mean value of the 3rd and 4th minute of the 
sedentary and light activity and the mean value of the 5th and 6th minute of the moderate and 
vigorous activities was used for this analysis as participants were deemed to be at steady state 
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Table 4.2. Bank of study exercises, ranked by participants and included in their study protocol.  
Sedentary Activities 
Sitting Still 
Participants were asked to sit upright with their back placed firmly to the chair 
and feet placed on the ground. 
Standing Still Participants asked to stand upright unassisted. 
Standing doing 
homework 
Participants asked to stand and work at a desk typing on a laptop. 
Sitting doing 
homework 
Participants were seated at a desk and were given a passage from a text book and 
asked to write it onto an A4 pad. 
Sitting playing on 
Phone 
Participants were seated and asked to play with their phone. All app use was 
permitted. Calls, texts or taking photos were not permitted 
Screen Viewing Participants seated in a chair and asked to watch a short video. 
Light Intensity Activities 
 
Slow Walking 
(2.5- 4.5 km.hr) 
Participants were asked to briskly walk around a track at self-selected pace. 
Cleaning Bedroom 
Participants were asked to pick up books, DVD’s, bottles, 2 shirts from the floor 
and place the shirts on a hanger, move 3 boxes singly from one chair to another 
(each weighing <3kgs). 
Sweeping Cleaning, sweeping, slow, light effort. 
Football Participants were asked kick a soccer ball over and back. 
Loading/Unloading 
Boxes 
Participants were required to move 3 boxes stacked on the top of a chair to 
another chair one at a time. 




Participants were asked to briskly walk around a track at self-selected pace. 
Aerobic Exercise 
Participants were asked to perform squats, lunges, knee raises, heel flicks, sit-ups 
and press-ups (mimic exercise routine). They performed each exercise for 1 
minute each. Modifications were 
Dribbling a basketball Participants were asked to walk dribbling a basketball around a rectangular space 
Dribbling a soccer ball Participants were asked to walk dribbling a soccer ball around a rectangular space. 
Vigorous Intensity Activities 
 
Jogging 
(6.5 – 8.5 km.hr) 
 
Participants were asked to briskly walk around a track at a set pace. 
 
Running Variation 
Markers/ cones were placed around the track, at which participants hand to 
perform different movements. Participants were asked to jump on one leg into the 
air and raise both arms (to mimic them catching a football). Participants were 
asked to stop at the second cone and touch their ankles 5 times (standing straight 
between each one). 
Aerobic Steps 6-8 inch step, participants were asked to step up on the step and step back down. 
Exercise to music 
instruction 
Participants were asked to perform exercise to music watching a video and asked 
to mimic the actions. 
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4.2.4 Testing Protocol 
Participants were asked to refrain from eating, consuming caffeine and smoking for a minimum 
of 3 hours prior to attending the testing centre. In the 12 hours preceding testing, participants 
were asked to refrain from any structured PA or exercise. Participants attended the centre 
wearing shorts/leggings, a light jumper, socks and running shoes. Upon arrival, height was 
measured to the nearest 0.25 cm, using a portable stadiometer (Seca model 214; Seca Ltd, 
Birmingham, UK) and mass was measured to the nearest 0.1kg using a portable electronic 
scales (Seca model 770; Seca Ltd, Birmingham, UK). BMI was recorded using the standard 
formula (Kg/m-2).  
Once all anthropometric data were obtained, the K4 b2 metabolic unit and all activity 
monitors were fitted on participants in accordance with the manufacture’s guidelines (Figure 
4.1). The activPAL was attached to the anterior aspect of the right thigh using a PALstickie 
(PAL technologies Ltd, Glasgow, Scotland), the activPAL 3 micro was affixed to the anterior 
aspect of the right thigh using a nitrile sleeve and tegaderm dressing (PAL technologies Ltd, 
Glasgow, Scotland). The GENEActiv devices were placed on both the right and left wrists as 
hand-dominance was/is not specified by the manufacturer. Both the ActiGraph wGT3x-BT and 
ActiGraph GTM1 were worn over the right and left iliac crest respectively, using expandable 
belts that were adjusted for each participant. All devices were initialised to record 2 hours prior 
to the testing period and their internal clocks were synchronised with the main investigators 
computer. Once all devices were fitted, the main researcher demonstrated the protocol of 
activities. A single observer recorded and signalled to the participant when to start and stop 
each activity. All activities were performed in ascending intensity starting with rest and 
finishing with vigorous intensity activities.  
To initiate the study protocol participants were required to lie in a reclined position in 
a dimly lit and quiet room for 10 minutes before having their resting VO2 measured for a 15-
minute period. Participants were not permitted to sleep during this time and the 10-minute 
period was used as it was deemed an appropriate time-frame to ensure that participants were in 
a fully rested state (Treuth et al. 2004). To determine individual RMR only minutes 5-15 of the 
15-minute measurement period were included for analysis. The output from each accelerometer 
was aligned with the steady state VO2 for each activity performed. To assess the sitting activity, 
participants were asked to sit quietly on a chair while looking straight ahead with their feet 
placed flat on the ground and their hands on their knees. During the standing activity, 
participants were instructed to look straight ahead and to stand unsupported with their feet hip-
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width apart and their hands placed by their side. The participants were asked to refrain from 
talking during the sitting and standing tasks.  
The participants were then introduced to five locomotion activities. To facilitate the 
assessment of  the included ambulatory activities (i.e. walking and running), a 40-meter circular 
track was constructed within each testing centre. Participants were required to complete some 
of the ambulatory activities within specified time limits, but at a pace that was comfortable for 
them. The activities with specified time limits included; slow walking (2.5-4.5 km.hr-1), brisk 
walking (4.5-6.5 km.hr-1) and running (6.5-8.5 km.hr-1). Within each speed category, the upper- 
and lower-time limit required to complete one full circle of the 40-meter track was calculated. 
The time taken for a participant to complete one full circle of the track was used to estimate 
their actual speed. If during the first minute of measurement the participant failed to complete 
the task within the time specified, they were cued to either increase or decrease their speed 
accordingly. To standardise pace and movement, once the participant was comfortable at the 
self-selected speed and achieved consistent timing within the speed bands, they were cued to 
maintain that pace for the remainder of the activity and where possible a research student 
completed the activity with the participant. The self-selected pacing approach was used to 
mimic free-living activity and to avoid the clustering effect that set speeds may have during 
statistical analysis. A rest period of 2 minutes was permitted between the more metabolically 
demanding activities, or longer if the heart rate had not returned to < 100 beats per minute after 
1 minute. A brief description of the included ambulatory activities included can be observed in 
Table 4.2. 




Figure 4.1. Wear location of devices. 
4.2.5 Data Processing 
Once all of the activities were completed, data were exported to the main-investigators 
computer. After the files were downloaded, activity counts for each 15 second epoch were 
provided using each of the monitors respective proprietary software’s; activPAL and activPAL 
3 micro (v 7.2.32), ActiGraph wGT3X-BT and ActiGraph GT1M (Actilife v 6.11.4) and 
GENEActiv (v 2.9). Accelerations in the vertical axis were extracted for both uniaxial 
accelerometers (activPAL and ActiGraph GT1M). Accelerations in the vertical axis and the 
sum of the vector magnitudes (SVM; combined value from the three orthogonal axis) were 
extracted for the triaxial accelerometers (activPAL 3 micro, & ActiGraph wGT3X-BT). The 
SVM was also extracted from the GENEActiv output. The SVM was provided directly from 
the GENEActiv and ActiGraph wGT3X-BT output but was computed for the activPAL 3 micro 
as √(X2+ Y2+ Z2). For the duration of each activity, oxygen uptake (VO2, ml.kg.min
-1) from the 
K4 b2 was measured in 30 second averages. The start and stop times of each activity were 
synchronised between the K4 b2 and each of the devices. Participants individual RMR was 
used to calculate the MET value at each activity intensity (VO2 ml.kg.min
-1/ Resting VO2 
ml.kg.min-1). The output from each accelerometer was aligned with the steady state VO2 for 
each activity performed. For each activity, the VO2 data and the 15-second epoch data were 
collated, averaged and exported to SPSS (v 21, SPSS Inc., Chicago, USA) for further analysis.   
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4.2.6 Statistical Analysis 
All outcome variables were tested to meet the assumptions for normal distribution using the 
Shapiro-Wilks test of normality. Descriptive statistics for the study sample and outcome 
variables were calculated and presented as means and standard deviations (SD). Spearman rho 
correlation coefficients were calculated between the VO2 values and the accelerometer output 
from each of the included devices. R-values of > 0.7 are considered highly correlated. 
Independent samples t-tests were used to examine if differences existed between the 
participants of the development group and the participants of cross-validation group. Receiver 
operating characteristic (ROC) analysis was used to examine the Area under the Curve (AUC) 
and define count-to-activity thresholds for sedentary (≤ 1.5 MET’s), moderate (≥ 3 - < 6 
MET’s), vigorous (≥ 6 MET’s) intensity activities with optimal levels of sensitivity (correctly 
identifying activities at or above the required intensity) and specificity (correctly excluding 
activities below the intensity threshold) (Zweig and Campbell 1993; Dowd et al. 2012b). An 
AUC of 1 represents perfect classification. ROC-AUC values of ≥ 0.90 are considered 
excellent, 0.80-0.90 good, 0.70-0.79 fair and < 0.70 poor (Jago et al. 2007). By means of ROC 
analysis, count-to-activity thresholds were developed in the development group for the vertical 
axis of the ActiGraph wGT3X-BT, ActiGraph GT1M, the activPAL 3 micro and activPAL 
monitors. Similarly, count-to-activity thresholds were developed in the development group 
using the SVM for the ActiGraph wGT3X-BT, activPAL 3 micro and GENEActiv (for both the 
dominant and non-dominant hand). Count-to-activity thresholds per 15 second epochs were 
established in the development group for 1.5, 3 and 6 METs for all of the included devices. 
Similarly, count-to-activity thresholds per 60 second epochs were developed in the 
development group for 1.5, 3 and 6 METs for the ActiGraph accelerometers only. The count-
to-activity thresholds developed using the development group were then cross-validated in the 
independent group. No count-to-activity thresholds were developed for sedentary activities (1-
1.5 METs) for the activPAL device and the activPAL 3 micro, as the proprietary algorithms 
within their software provides a more accurate and reliable estimate for sitting/lying and 
standing behaviours, which subsequently should be used in place of any 1.5 MET threshold.  
A random coefficients statistical model that accounts for repeated measures taken from 
the same participants was used to investigate the relationship between the accelerometer counts 
from each of the included devices and the MET values using the development group. To enable 
the prediction of activity METs, regression equations were developed for all of the included 
monitors (Table 4.7.). The concordance correlation coefficient (CCC) was used to assess the 
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fit of the regression equation and the standard error of the estimate (SEE) was also calculated. 
The decision to include both ROC and regression equations was based on recommendations 
put forward by Trost et al. (2005) who advise that the combination of ROC and regression 
analysis should be used when determining count-to-activity thresholds and predictive equations 
in PA research. Finally, Bland Altman plots were used to investigate the mean bias and limits 
of agreement between measured METs and monitor predicted METs for each device. 
4.3 Results 
A total of 62 participants were recruited for the study. Nine participants were unavailable to 
take part due to a school outing, thus leaving fifty-three participants to be tested. One data set 
was removed completely due to K4 b2 malfunction. Participant characteristics are presented in 
Table 4.3. Independent samples t-tests were used to examine whether differences existed for 
age, body mass, height and BMI between the development group and the cross-validation 
group. No significant differences were observed between the two groups (Table 4.3.). 
Spearman’s Rho correlation coefficients (rs) examining the strength of association between the 
accelerometer outputs and VO2 achieved rs-values that were ≥ 0.8 and thus were considered to 
be highly correlated.  
 























16.1 (0.78) 16.0 (0.80) 16.2 (0.77) 0.543 
 
Mass (kg) 
67.2 (13.12) 66.2 (13.21) 66.2 (13.14) 0.479 
 
Height (m) 











4.36 (0.75) 4.50 (0.76) 4.15 (0.72) 0.100 
a Independent samples t-tests used to examine between-group differences. Statistical significance set at 
P < 0.05. 
 
Table 4.4. presents the mean and SD of the K4 b2 measured VO2, MET values and 
accelerometer outputs for all of the included activities. Excluding sitting, screen viewing, 
standing and dribbling football, as the intensity of each activity increased, the VO2, MET values 
and accelerometer counts increased.  
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Table 4.4. Summary of K4 b2 measured VO2, MET values and accelerometer outputs for all of the included activities (Mean (SD)). 
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4.3.1 Receiver Operating Characteristic Analysis 
The count-to-activity thresholds for all of the included activity monitors along with the AUC, 
sensitivity and specificity values for each of the developed count-to-activity thresholds are 
presented in Table 4.5. Overall, the sensitivity and specificity values of the developed count-
to-activity thresholds for 1.5 METs ranged from 97.4%-98.1 % and 97.2%-99.3% respectively. 
The AUC values from the developed count-to-activity thresholds for 1.5 METs were > 0.9 and 
thus are considered excellent. For 3 METs, the sensitivity and specificity values of the 
developed thresholds ranged from 91.8%-94.8% and 92.0%-94.6% respectively. The AUC 
values from the developed count-to-activity thresholds for 3 METs were all > 0.9 and thus are 
considered excellent. For 6 METs, the sensitivity and specificity values for the developed 
count-to-activity thresholds for all devices ranged from 85.1%-95.7% and 84.5%-95.8% 
respectively. The AUC values for the developed thresholds were all > 0.9 and thus are 
considered excellent 
4.3.1.1 activPAL device 
The validity of the activity count function of the activPAL has not yet been calibrated using a 
mixed adolescent population. As the activPAL data presented herein is used to inform the 
development of methods and data analysis techniques within the subsequent chapters of this 
thesis, it was decided to provide more detailed information regarding the activPAL device 
For 3 METs, a count-to-activity threshold of 2899 counts.15s-1 optimised sensitivity (94%) and 
specificity (94%) for the vertical axis of the activPAL device while a threshold of 5934 
counts.15s-1 optimised sensitivity (92.9%) and specificity (92.5%) for the activPAL 3 micro. 
For the SVM of the activPAL 3 micro, a count-to-activity threshold of 9286 counts.15 s-1 
optimised sensitivity (93.4%) and specificity (93.4%). The AUC values for the developed 
thresholds were all > 0.9 and thus are considered excellent (Table 4.5.). For 6 METs a threshold 
of 5372 counts.15s-1 optimised sensitivity (91.5%) and specificity (92.2%) for the vertical axis 
of the activPAL device while a threshold of 10226 counts.15s-1 optimised sensitivity (85.1%) 
and specificity (84.5%) for the activPAL 3 micro. The SVM of the activPAL 3 micro optimised 
sensitivity (87.2%) and specificity (87.4%) with a threshold of 16100 counts.15sec-1. The AUC 
values for the developed thresholds were all >  0.9 and thus are considered excellent (Table 
4.5.). 
4.3.2 Cross-validation of developed count-to-activity thresholds  
The count-to-activity thresholds that were developed within the development group were then 
cross-validated in an independent group (cross-validation group, N = 20). ROC analysis was 
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used to calculate the AUC and to determine if the count-to-activity thresholds optimized 
sensitivity and specificity (inclusion or exclusion of PA intensities at, above or below the 
defined count-to-activity threshold). The cross-validation information is presented in Table 4.6. 
The sensitivity and specificity values in the cross-validation group were all high ≥ 73.1%, 
except at 6 METs where the count-to-activity threshold developed for the SVM of the 
ActiGraph wGT3X-BT SVM showed lower sensitivity (65.4%). The sensitivity and specificity 
values for 1.5 METs ranged between 87.4%-94.8% and 78.0%-98.8% respectively. The 
sensitivity and specificity values for 3 METs ranged from 85.7%-95.7% and 92.5%-98.1% 
respectively. The 6 METs sensitivity and specificity values ranged between 65.4%-84.6% and 
74.4%-95.9% in the cross-validation group. The developed count-to-activity thresholds 
appeared stronger for 3 MET’s compared to the other activity intensities. 
4.3.2.1 activPAL Device 
When cross-validated, the count-to-activity thresholds for 3 METs that were derived from the 
vertical axis of the activPAL device optimised sensitivity and specificity with reported values 
of 85.7% and 95.3% respectively (Table 4.6.). Similar sensitivity and specificity values were 
reported for the vertical axis of the activPAL 3 micro, 89.0% and 92.5% respectively. The 
count-to-activity thresholds derived from the SVM of the activPAL 3micro device 
demonstrated high sensitivity and specificity values when cross-validated in the cross-
validation group (values of ≥ 90% reported). For 6 METs, the count-to-activity thresholds 
developed for the vertical axis of the activPAL device when cross-validated in the cross-
validation group optimised sensitivity and specificity with values of 73.1% and 93.6% 
respectively. Similar high sensitivity and specificity values were reported for the activPAL 3 
micro (values of 84.6% and 84.9% reported). The count-to-activity thresholds derived from the 
SVM of the activPAL 3micro demonstrated good-to-high sensitivity and specificity values 
when cross-validated in the cross-validation group (≥ 76.9%).  
4.3.3 Mixed-Model Regression Analysis and Bland-Altman Plots 
In the present study, regression equations were developed for each device to determine MET 
values associated with the accelerometer output. The regression equations for METs, CCC and 
SEE for each monitor can be seen in Table 4.7. Bland-Altman analysis was then used to 
calculate the mean bias and limits of agreement between the activity monitor predicted METs 
(based on the regression equations) and the K4b2 measured METs (Table 4.7.). The Bland-
Altman plots can be observed in Figure 4.2 and Figure 4.3. The top and bottom line represent 
the upper and lower limits of agreement, while the middle line represents the mean bias. For 
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each of the count-to-activity thresholds, all predicted METs had a positive mean bias (except 
GENEActiv-Dominant) ranging from to 0.01-0.07 METs. The limits of agreement for all of 































 143  
 
 
Table 4.5. Development group count-to-activity thresholds, AUC, sensitivity and specificity 










Vertical Counts 15 0.988 0 0.976 0.993 
ActiGraph  
wGT3X-BT 
Vertical Counts 60 0.988 1 0.976 0.993 
ActiGraph  
wGT3X-BT 
SVM Counts 15 0.966 14 0.981 0.980 
ActiGraph  
wGT3X-BT 
SVM Counts 60 0.966 55 0.981 0.980 
ActiGraph GT1M Vertical Counts 15 0.987 1 0.976 0.980 
ActiGraph GT1M Vertical Counts 60 0.987 3 0.976 0.980 
GENEActiv-Dom SVM Counts 15 0.996 14 0.974 0.972 




Vertical Counts 15 0.985 479 0.918 0.920 
ActiGraph  
wGT3X-BT 
Vertical Counts 60 0.985 1916 0.918 0.920 
ActiGraph  
wGT3X-BT 
SVM Counts 15 0.989 605 0.942 0.943 
ActiGraph  
wGT3X-BT 
SVM Counts 60 0.989 2421 0.942 0.943 
ActiGraph GT1M Vertical Counts 15 0.984 495 0.918 0.920 
ActiGraph GT1M Vertical Counts 60 0.984 1981 0.918 0.920 
ActivPAL 3micro Vertical Counts 15 0.982 5934 0.929 0.925 
ActivPAL 3micro SVM Counts 15 0.984 9286 0.934 0.934 
ActivPAL Vertical Counts 15 0.984 2899 0.940 0.940 
GENEActiv-Dom SVM Counts 15 0.990 69 0.948 0.946 




Vertical Counts 15 0.982 1192 0.936 0.935 
ActiGraph  
wGT3X-BT 
Vertical Counts 60 0.982 4767 0.936 0.935 
ActiGraph  
wGT3X-BT 
SVM Counts 15 0.985 1470 0.957 0.955 
ActiGraph  
wGT3X-BT 
SVM Counts 60 0.985 5879 0.957 0.955 
ActiGraph GT1M Vertical Counts 15 0.983 1212 0.926 0.926 
ActiGraph GT1M Vertical Counts 60 0.983 4850 0.926 0.926 
ActivPAL 3micro Vertical Counts 15 0.942 10226 0.851 0.845 
ActivPAL 3micro SVM Counts 15 0.955 16100 0.872 0.874 
ActivPAL Vertical Counts 15 0.975 5372 0.915 0.922 
GENEActiv-Dom SVM Counts 15 0.991 147 0.953 0.953 
GENEActiv-Non-Dom SVM Counts 15 0.993 163 0.957 0.958 
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Table 4.6. Cross-validation of the count-to-activity thresholds developed in the development 
group. Sensitivity and specificity values for 1.5, 3 and 6 METs reported for the cross-validation 
group. 





ActiGraph wGT3X-BT Vertical Counts 15 0.897 0.951 
ActiGraph wGT3X-BT Vertical Counts 60 0.897 0.951 
ActiGraph wGT3X-BT SVM Counts 15 0.897 0.939 
ActiGraph wGT3X-BT SVM Counts 60 0.948 0.780 
ActiGraph GT1M Vertical Counts 15 0.888 0.854 
ActiGraph GT1M Vertical Counts 60 0.888 0.854 
GENEActiv-Dom SVM Counts 15 0.874 0.988 
GENEActiv-Non-Dom SVM Counts 15 0.888 0.988 
3 METs 
ActiGraph wGT3X-BT Vertical Counts 15 0.934 0.963 
ActiGraph wGT3X-BT Vertical Counts 60 0.934 0.962 
ActiGraph wGT3X-BT SVM Counts 15 0.956 0.944 
ActiGraph wGT3X-BT SVM Counts 60 0.956 0.944 
ActiGraph GT1M Vertical Counts 15 0.957 0.944 
ActiGraph GT1M Vertical Counts 60 0.956 0.944 
ActivPAL 3micro Vertical Counts 15 0.890 0.925 
ActivPAL 3micro SVM Counts 15 0.912 0.935 
ActivPAL Vertical Counts 15 0.857 0.953 
GENEActiv-Dom SVM Counts 15 0.920 0.972 
GENEActiv-Non-Dom SVM Counts 15 0.956 0.981 
6 METs 
ActiGraph wGT3X-BT Vertical Counts 15 0.808 0.942 
ActiGraph wGT3X-BT Vertical Counts 60 0.808 0.944 
ActiGraph wGT3X-BT SVM Counts 15 0.654 0.942 
ActiGraph wGT3X-BT SVM Counts 60 0.654 0.942 
ActiGraph GT1M Vertical Counts 15 0.769 0.936 
ActiGraph GT1M Vertical Counts 60 0.769 0.936 
ActivPAL 3micro Vertical Counts 15 0.846 0.849 
ActivPAL 3micro SVM Counts 15 0.769 0.860 
ActivPAL Vertical Counts 15 0.731 0.936 
GENEActiv-Dom SVM Counts 15 0.846 0.958 
GENEActiv-Non-Dom SVM Counts 15 0.808 0.959 
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Table 4.7. Regression Equations, concordance correlation coefficient (CCC), standard error estimate (SEE); Bland-Altman derived mean bias and 
limits of agreement for predicted METs for all included monitors. 
Device Axes Unit Regression Equation CCC SEE Mean Bias Upper Limit Lower Limit 
ActiGraph wGT3X-BT Vertical Counts 1.179708 + 0.003627 x counts. 15s-1 0.91 1.02 0.07 2.07 -1.93 
ActiGraph wGT3X-BT Vertical Counts 1.179708 + 0.000907 x counts. 60 s-1 0.91 1.02 0.07 2.07 -1.93 
ActiGraph wGT3X-BT SVM Counts 1.089869 + 0.003136 x counts. 15 s-1 1.00 0.84 0.03 1.69 -1.62 
ActiGraph wGT3X-BT SVM Counts 1.089869 + 0.000784 x counts. 60 s-1 1.00 0.84 0.03 1.69 -1.62 
ActiGraph GT1M Vertical Counts 1.176007 + 0.003483 x counts. 15 s-1 0.90 0.96 0.05 1.94 -1.84 
ActiGraph GT1M Vertical Counts 1.176007 + 0.000871 x counts. 60 s-1 0.88 0.96 0.05 1.94 -1.84 
activPAL 3 Micro Vertical Counts 1.147199 + 0.000367 x counts. 15 s-1 1.00 1.05 0.02 2.08 -2.04 
activPAL 3 Micro SVM Counts 1.125664 + 0.000237 x counts. 15 s-1 0.91 0.96 0.01 1.89 -1.86 
activPAL Vertical Counts 1.190539 + 0.000686 x counts. 15 s-1 0.91 0.99 0.06 2.00 -1.88 
GENEActiv-Dominant SVM g.s -1 1.375768 + 0.022477 x g.s-1. 15 s-1 0.81 1.04 -0.03 2.75 -2.80 





Figure 4.2. Bland-Altman plots for all ActiGraph predicted metabolic equivalent of task values 





Figure 4.3. Bland-Altman plots for all other monitor predicted metabolic equivalent of task values 





The purpose of this study was to develop and validate count-to-activity thresholds from five 
activity monitors for LIPA, MPA and VPA, using the same validation protocols and analysis 
methodologies for an adolescent population. This study presents a range of count-to-activity 
thresholds for some of the most commonly used activity monitors in youth PA research, that have 
demonstrated fair to excellent levels of sensitivity and specificity for accurately detecting LIPA, 
MPA and VPA. While the field of PA measurement has significantly advanced in recent years 
issues still exist (Migueles et al. 2017). Differences among monitor types (makes and models), 
attachment and wear location, calibration methods and the proliferation in data processing 
procedures pose evolving challenges (Migueles et al. 2017). Furthermore, the large number of 
independent activity-monitor validation studies makes it impossible to directly compare results 
from different studies or to cross-validate results between different devices (Vähä-Ypyä et al. 
2015). The present study contributes to the literature by addressing these issues. It is the first study 
to simultaneously validate five activity monitors for the determination of LIPA, MPA and VPA in 
an adolescent population.  
The developed count-to-activity thresholds for all devices demonstrated high levels of 
sensitivity and specificity for the determination of 1.5, 3 and 6 METs when cross-validated in the 
independent group. The count-to-activity thresholds developed for each of the included devices 
had AUC values of ≥ 0.942. The AUC values from the current study are similar to those reported 
by Romanzini et al. (2014) for 3 METs (0.99) and 6 METs respectively (0.93). Similar to the 
current study, the AUCs from Romanzini and colleagues were developed using daily and 
locomotive tasks (Romanzini et al. 2014). Based on the AUC standards defined by Metz and 
colleagues, this suggests that at least 94.2% of the time, the developed count-to-activity thresholds 
correctly identify the activity intensity (Metz 1978). Generally, across devices the highest AUC 
values were observed for 3 METs (MPA) which suggests that the free-living movements 
associated with this intensity were easily determined. The practical significance of this finding is 
important as it supports the use of the developed MPA threshold values within this population.  
As the activPAL device has the ability to accurately differentiate between postures and is 
deemed a “gold-standard” for the measurement of sitting behaviour (Kozey-Keadle et al. 2011a; 
Dowd et al. 2012b), there is no need to develop a count-to-activity threshold for determining 




micro and activPAL devices. Upon examining the devices in further detail the count-to-activity 
thresholds developed for the vertical axis of the activPAL 3 micro were almost double those of the 
activPAL device (3 METs; 5934 v 2899, and 6 METs; 10226 v 5372), but both had similar 
sensitivity and specificity values (Table 4.5.). These findings suggest that count-to-activity 
thresholds for the activPAL devices are device specific. When comparing the activPAL 3 micro 
SVM and vertical axis count-to-activity thresholds, the SVM thresholds were higher than the 
vertical axis thresholds (3 METs; 9286 v 5934, and 6 METs; 16100 v 10226) but the sensitivity 
and specificity values were similar. Notably, for MPA, the count-to-activity thresholds developed 
for the activPAL 3 micro SVM demonstrated higher sensitivity and specificity values compared 
to the vertical axis. For this reason, we propose using the newly developed SVM count-to-activity 
threshold for the activPAL 3 micro in this population, as it gave the lowest number of false positive 
and false negative classifications. This further supports the view that triaxial accelerometers 
provide better assessments of MPA (Bassett et al. 2012). 
Noteworthy is the finding that the developed thresholds for both activPAL devices 
demonstrated lower sensitivity and specificity values for VPA (6 METs) compared to both 
ActiGraph devices and both GENEActiv devices. It is important to acknowledge that this finding 
may be have occurred due to the different wear locations of the included monitors. For example, 
the included activity monitors have different wear positions (i.e., activPAL = the thigh, ActiGraph 
= both hips and GENEActiv = wrist) and this may have had a small impact on the results. 
Interestingly, using the same activity devices as the present study Powell and colleagues (2017) 
observed higher sensitivity and specificity values for VPA for all the included devices in an adult 
population. However, the inclusion of only one 6 MET activity from one exercise domain 
(jogging) may be a limitation of their study design and thus may have influenced the results. The 
present study included a variety of 6 MET activities that had high acceleration, upper limb 
ambulation, and up and down movements. The decreased sensitivity values reported may lend 
support to the claim that at higher exercise intensities the activPAL device may have some 
difficulty correctly identifying when a person is exercising within the 6 MET intensity band. It is 
likely that as participants increase the range of activities performed, the precision of most 
accelerometer-based measurement tools will decrease (Lyden et al. 2012). Although it is beyond 
the scope of this paper to discuss the effects of varying activity types, the present results suggest 




precision of the activPAL device to detect accelerations within this intensity band. Given that most 
adolescents only spend a limited proportion of their day in vigorous activities, the results of the 
present study suggest that a reasonably valid estimate of total daily PA can still be estimated by 
the activPAL device. 
The inclusion of the ActiGraph devices concurrently with the other commonly employed 
devices in this research was to allow for the development of comparable PA and SB estimates in 
young populations. The 15 second count-to-activity thresholds developed for the vertical axis of 
the ActiGraph wGT3X-BT and the ActiGraph GT1M were similar for 1.5 METs (0), 3 METs (479 
v 495) and 6 METs (1192 v 1212). The vertical axis thresholds developed for the 60 second epoch 
were also similar; 1.5 METs (1 v 3), 3 METs (1916 v 1981) and 6 METs (4767 v 4850) 
respectively. The observed similarities between the count-to-activity thresholds developed for the 
vertical axis of the two devices suggests that researchers using the tri-axial model can use the 
vertical axis count-to-activity thresholds established for earlier uniaxial models to estimate the 
time spent in different PA intensities (Robusto and Trost 2012). One plausible reason for the 
observed differences between the accelerometer outputs may be the result of the participants 
wearing the ActiGraph devices on opposite hips. Previously Vaha-Ypya et al. (2015) observed 
marginal differences when similar accelerometers were placed on opposite hips. The observed 
differences between the monitors were attributed in part to pelvic tilting during low-intensity 
locomotor activities (similar to football dribbling in the present study) and to the curved edge 
features of an indoor track (similar to our study) where participants could only walk/run in a 
counter-clockwise direction (Vähä-Ypyä et al. 2015). The observations presented highlight how 
sensitive accelerometers can be in detecting differences in movements and provide evidence of the 
importance of keeping the placement of the monitor as constant as possible.  
Differences were also apparent when the vertical axis and the SVM of the ActiGraph 
wGT3X-BT were compared. The difference between the count-to-activity thresholds became more 
pronounced as the intensity of the activities increased for the 15 second epochs (1.5 METs; 0 v 14, 
3 METs; 479 v 605, 6 METs; 1192 v 1470) and the 60 second epochs (1.5 METs; 1 v 55, 3 METs; 
1916 v 2421, 6 METs; 4767 v 5879). The ActiGraph wGT3X-BT SVM thresholds generally 
indicated higher AUC values compared to the vertical axis results and the SVM better 
discriminated MPA compared to the vertical axis. This finding suggests that there may be value in 




in an adolescent population. Given that multi-axial accelerometers are thought to improve 
measures of complex PA patterns (Smith et al. 2018), our findings for the SVM of both the 
activPAL 3 micro and ActiGraph wGT3X-BT suggest that the use of tri-axial accelerometers in 
youth research may be particularly advantageous given that children and adolescent’s free-living 
movement patterns are generally accumulated in sporadic bursts and in multiple planes. 
This is the first study to develop count-to-activity thresholds for adolescents aged between 
15-18 years for the GENEActiv devices. The 15 second count-to-activity thresholds developed for 
the SVM of the GENEActiv-dominant and GENEActiv-non-dominant were different across 
intensities; 1.5 METs (14 v 11), 3 METs (69 v 67) and 6 METs (147 v 163). Notably, when the 
count-to-activity thresholds were cross-validated in the independent group, the sensitivity values 
for both the GENEActiv-dominant and GENEActiv-non-dominant were lower for 1.5 METs 
(0.874 v 0.888) and 6 METs (0.846 v 0.808) compared to 3 METs (0.920 v 0.956). The lower 
sensitivity values observed at 1.5 and 6 METs suggest that GENEActiv devices may have 
problems differentiating when those intensities have been reached. The observed differences may 
be explained by the wear location of the GENEActiv device and/or by the activities that were 
included for the 1.5 and 6 MET intensity bands. For example, depending on the task (e.g., writing 
homework for 1.5 METs or running task with limited upper limb movement for 6 METs), specific 
body parts may move more than others thereby producing more or less accelerations that can be 
disproportionate to the metabolic cost of the activity. In this respect, accelerometers attached to 
the wrist or upper body may not have the sensitivity to detect or accurately account for activities 
that are lower extremity dominant. Notwithstanding this, the excellent sensitivity and specificity 
values reported for the 3 MET intensity band highlight that the GENEActiv device can be 
employed to provide valid free-living information regarding MPA while further investigation is 
warranted for sedentary time and VPA. 
Previous studies have developed and validated count-to-activity thresholds for some of the 
activity monitors included in this study, GT1M in children (Puyau et al. 2002; Treuth et al. 2004), 
ActiGraph GT3X SVM in adolescents (Robusto and Trost 2012; Romanzini et al. 2014), 
GENEActiv in children (Phillips et al. 2013), activPAL in adolescent females (Dowd et al. 2012b) 
and activPAL 3 micro in adults (Powell et al. 2017). The previous count-to-activity thresholds 
developed for the ActiGraph GT1M were substantially higher than those reported in the present 




included to in their validation studies, which may have affected the devices ability to detect certain 
intensities. For example, one study included treadmill walking at a controlled speed and jogging 
on a track for MPA and VPA (Puyau et al. 2002) while another included activities that involved 
step-aerobics and stair climbing (Treuth et al. 2004). The count-to-activity thresholds developed 
for both the vertical axis and SVM of the ActiGraph wGT3X-BT accelerometer in this study are 
similar to those developed by Romanzini et al. (2014). The high ROC-AUC values from our study 
and Romanzini et al. (2014) demonstrated that the device had excellent discrimination for 
sedentary, MPA and VPA and thereby promote its use to measure activity behaviours in 
adolescents.  
The majority of validation studies using the GENActiv device have been conducted in early 
childhood and early adolescence (Phillips et al. 2013). To the authors’ knowledge, this is the first 
study to develop age-specific thresholds for adolescents aged between 15- 18 years thus making 
comparison difficult. One lab based study that validated the device in children aged 8-14 years 
reported count-to-activity thresholds that were lower values than those reported in the present 
study (Phillips et al. 2013). This could be due in part to the use of the standard adult conversion of 
3.5 ml.kg.min-1 is equal to 1 MET for classifying activity intensity. Furthermore, the researchers 
validated the device using the right and left wrist and failed to report hand dominance. One could 
infer that the skew of the data towards right hand participants could have influenced the validity 
and cut-points slightly, especially if some of the activities used the dominant hand more than the 
non-dominant hand.  
The previously developed count-to-activity thresholds for the activPAL device were 
similar for MPA but substantially lower for VPA than the values reported here (Dowd et al. 
2012b). One such reason for the observed difference was that their research only included one 6 
MET activity from one exercise domain (jogging) may be a limitation of their study design and 
thus may have influenced the results. To the authors’ knowledge, no count-to activity thresholds 
have been previously developed for activPAL devices using a mixed adolescent population. The 
development of count-to-activity thresholds for the activPAL devices is important, as it will enable 
the extraction of intensity data across the PA intensity spectrum. The information provided from 
current study now enables the use of both the activPAL and activPAL 3 micro as a dual monitor 




While count-to-activity thresholds provide researchers with an acceptable method to 
analyse output, errors still exist when accelerometers assess free-living activity behaviour. The last 
decade has seen efforts to move away from the use of count-to-activity thresholds, through the 
advent of machine learning techniques to classify PA intensity (Trost 2007). New methodology 
recommendations supporting the use of more sophisticated analysis techniques such as Hidden 
Markov Modelling and artificial neural networking, that use features of the raw acceleration signal 
rather than average monitor output, have been put forward (Rowlands et al. 2018; Smith et al. 
2018). While significant advances have occurred using these statistical approaches, more research 
is warranted to train and refine these advanced processing methods before application, especially 
within free-living settings.  
The introduction of the GENEActiv device has been significant as it was the first device to 
make the raw accelerometer output available to the end-user. Rowlands and colleagues showed 
that the raw acceleration output from the GENEactiv and Axivity devices were comparable with 
PA intensities from sedentary to vigorous activity, with raw ActiGraph output about 10% lower, 
highlighting the advantages of using metrics based on raw accelerations, which are not subject to 
the variation in output produced by various count-to-activity thresholds (Rowlands et al. 2018). 
However, this new approach to analysis of accelerometer output is still in its infancy and requires 
further investigation (i.e. wear location and specific populations) before it can be employed to 
provide valid free-living activity information to users. As more researchers continue to work with 
raw acceleration data and pattern recognition techniques, there is hope that this will facilitate 
longitudinal studies over several generations of devices and enable the comparison of activity 
estimates from different time-points. Until this area within PA research is advanced and the 
analysis methods implemented with confidence, the developed count-to-activity thresholds 
provided in the present research are deemed acceptable, to analyse monitor output and to cross-
compare studies. 
4.5 Strength and Limitations 
There are many strengths to this study including the relatively large sample size, the inclusion of 
both males and females and the use of an identical protocol for determining the count-to-activity 
thresholds for a range of activity monitors. Another significant strength of this study is the 
measurement of the individuals’ RMR rather than using the standard adult RMR conversion of 3.5 




use of the adult RMR may have biased the estimated energy cost of the activities included. 
Providing the participants with the autonomy to select activities that they performed regularly and 
assigning those activities to the participants’ respective study protocol is a novel strength. 
Moreover, the inclusion of a variety of free-living sedentary activities and a range of locomotor 
activity intensities (light, moderate and vigorous) enabled our research design to mimic a more 
free-living natural environment despite being in an indoor setting (Trost et al. 2005; Bassett et al. 
2012). The inclusion of self-paced walking and running activities within specified speed ranges is 
a strength of the current study; it better simulates free-living activity and reduces the chance of a 
statistical clustering effect, which may occur when using set/specific speeds (Bassett et al. 2012). 
A unique component of this study was setting each device to collect the data in 15-second intervals. 
The rationale for this was that sensitivity might be increased and the activities might have been 
better detected with shorter epochs rather than the commonly used 60-second collection time. 
Where feasible, data were also presented for 60-second epochs, as this has been standard within 
adolescent PA literature (Puyau et al. 2002; Treuth et al. 2004). The use of analysis methods that 
incorporated ROC analysis, multiple regression equations and Bland-Altman plots is another 
strength. ROC analysis enabled the selection of count-to-activity thresholds that optimized 
sensitivity at the cost of specificity or visa-versa and has been recommended for use in validation 
research (Bassett et al. 2012). Furthermore, the inclusion of the multiple regression equations 
provides researchers with a means to estimate energy expenditure for a given number of counts 
for each of the included devices and thus is an added strength.  
The limitations of this study should be considered. This study specifically targeted healthy 
male and female adolescents aged between 15-18 years and so the results cannot be generalised to 
young children or adults. The developed thresholds may not be applicable to adolescents with 
chronic illnesses, thus population specific count-to-activity thresholds may be more appropriate 
for clinical populations. The count-to-activity thresholds from the development group were cross-
validated in an independent group that performed the same activities. The inclusion of the same 
activities for cross-validation may have the potential for bias and subsequently exaggerate the 
accuracy of the developed count-to-activity thresholds (Powell et al. 2017).  
4.6 Conclusion 
The epidemiological evidence linking activity behaviour to indices of health continues to expand. 




validate count-to-activity thresholds for a range of activity monitors in a mixed adolescent 
population. The present study expands the current PA measurement literature by providing age 
specific count-to-activity thresholds for the determination of light-, moderate- and vigorous-
intensity activity using the vertical axis and/or SVM of the included devices. The higher levels of 
sensitivity and specificity and AUC values reported for the developed SVM MPA threshold for 
the activPAL 3 micro supports its use as an accurate measure of MPA in a mixed adolescent 






























































































The existing model of PA and health has been well documented by over sixty years of scientific 
inquiry. Physiologists and epidemiologists have verified the perceptions of ancient scholars by 
confirming that those who perform regular MVPA receive a plethora of physiological benefits and 
experience less risk of premature mortality and chronic disease (Pate et al. 2008). Lifestyle trends 
are increasingly supporting a sedentary lifestyle through changes in technology and 
communications. Within the past decade, there has been substantial and progressive scientific 
growth in SB research (Tremblay et al. 2017). It is widely accepted that excessive sedentary time 
plays an important role in the development of risk factors for many chronic diseases (Owen et al. 
2010; Patterson et al. 2018). In spite of this knowledge, children, adolescents and adults 
accumulate between 6 and 10 hours of sedentary time during waking hours (Matthews et al. 2008; 
Bankoski et al. 2011; Verloigne et al. 2012; McVeigh et al. 2016; Loyen et al. 2017). While the 
negative health consequences associated with SB have been and continue to be uncovered, the 
findings should be interpreted with caution, as the majority of published literature examining these 
associations has done so through self-reported measures of screen-time, questionnaires, and 
diaries, which have inherent limitations (recall bias, social desirability bias) (Ward et al. 2005; 
Slootmaker et al. 2009).  
To overcome these limitations, technological advancements in the area of wearable motion 
sensors have provided researchers with methods of objectively examining PA behaviours and, 
thus, have improved our understanding on the impact of SB with indices of health. However, issues 
still exist. The majority of research that has derived this information has done so using tools that 
rely on count-to-activity thresholds that tend to estimate sedentary time based on the lack of 
ambulation (Edwardson et al. 2017). This can lead to the misclassification of low intensity non-
sedentary activities as sedentary activities. For example, count-to-activity thresholds may 
under/overestimate sedentary time due to the inclusion of standing behaviours. Thus, as standing 
involves minimal movement and is characterised by low energy expenditure, higher muscle 
contractile activity and an upright posture, it should not be considered as a SB (Hamilton et al. 
2008). Due to the limitations of objectively measured sedentary time, in 2012, the SBRN expert 
consensus panel developed a standardized operational definition of SB, which included both EE 
and postural elements. SB now refers to any waking activity characterised by an EE of ≤ 1.5 METs 




need for alternative field-based objective measurement devices that have the ability to determine 
inclination, posture and/or incorporate activity classification information. 
As this field of research continues to proliferate, the use of different devices and analysis 
techniques to measure and analyse activity variables will limit the potential for synthesis of 
information or cross-comparison of studies. With the significant increase in efforts to measure and 
examine youth activity behaviour across the PA spectrum, practical and descriptive standardised 
methodologies for the examination of inclinometer-based accelerometer output are warranted 
(Ridgers et al. 2012). The activPAL 3 micro PA monitor (PAL Technologies Ltd, Glasgow, UK) 
was used to collect information relating to PA and SB in this thesis. It is a small (25 x 45 x 5mm), 
lightweight (9g), thigh-worn device that directly measures the postural aspect of SB. It uses 
proprietary software that incorporates intelligent activity classification via a micro-machined 
electrical mechanical system to distinguish different postures (sitting, lying, and standing) and 
transitions between these postures (stepping) (Edwardson et al. 2017). Due to its accuracy and 
reliability, the device has been gaining credence as a valid measure of body posture and for 
quantifying time spent in PA and SB in children (Aminian and Hinckson 2012), adolescents 
(Harrington et al. 2011a; Dowd et al. 2012b), and adults (Lyden et al. 2017; Powell et al. 2017). 
The purpose of this chapter is to provide a detailed description of the methodologies used to collect, 
process and analyse free-living activity behaviour measured using the activPAL 3 micro device. 
5.2 Methods 
The following sections provide a detailed summary of the rationale for and the development of the 
methodologies that were used to process and examine the activPAL output for the determination 
of both PA and SB variables in this thesis.  
5.2.1 Wear Protocol: How Many Days of Monitoring are Enough? 
5.2.1.1 Survey of Background Literature 
To ensure valid estimates of free-living activity, it is imperative that the reliability of a device is 
determined (Dowd et al. 2018). Adolescent habitual physical behaviours are characterised by large 
amounts of inter- and intra-individual variability, which can influence measurement reliability. 
The minimum number of days of monitoring required to reliably predict the amount of time spent 
sitting/lying and standing and/or the amount of time engaged in activities that are light or moderate 
in intensity varies depending on the type of monitor used, the age of the participants or the 




variability across accelerometer recording days, researchers have the ability to predict the 
minimum number of days required to reliably estimate the time spent in physical behaviours across 
the PA spectrum (Trost et al. 2005). For example, for young children, there is conflicting evidence 
suggesting that anywhere between 2-7 days of accelerometer wear time will provide reliable 
estimates. In older adults, Reid et al. (2013) observed that to achieve an intra-class correlation 
(ICC) of 0.8 and 0.9 respectively, 5 days and 11 days of accelerometer wear time is required to 
reliably estimate sitting behaviour, 5 days and 10 days is required for standing behaviour and 7 
days and 15 days is required for stepping behaviour respectively. To the authors’ knowledge, only 
one study has examined the minimum number of days of monitoring required when examining 
habitual sitting/lying time, standing time, LIPA, MPA and steps using the activPAL device in an 
adolescent population. Applying the Spearman-Brown Prophecy formulae, Dowd et al. (2017) 
showed that a minimum of 9 days of accelerometer recording is required to achieve an ICC ≥ 0.7 
for each behaviour, while 15 days is required to achieve a reliability ≥ 0.8.  
5.2.1.2 Method Employed in this Thesis 
Whilst the previous findings from Reid et al. 2017 and Trost et al. (2005) are informative, from a 
practical perspective, the activPAL 3 micro is limited to a 32MB memory capacity that only allows 
for 14 days of accelerometer recording. To ensure participant compliance, and to reduce participant 
burden, it is a good idea not to ask participants to wear the device for too long. Therefore, based 
on the aforementioned findings of Dowd et al. (2017), for a single assessment, the participants in 
this thesis were encouraged to wear the activPAL accelerometer for a minimum of nine days to 
reliably estimate sitting/lying time, standing time, LIPA and MVPA. The minimum nine day wear 
period was also selected to facilitate school timetabling and availability of the testing facilities. 
5.2.2 Wear Protocol: How Many Hours is Enough? 
5.2.2.1 Survey of Background Literature 
The majority of large-scale epidemiological studies in youth have employed a “waking hour only” 
protocol that requires a participant to remove their activity device during the night (Craft  et al. 
2012). A difficulty with removing a device at night is that participants may fail to reapply the 
device immediately after waking or they could be still awake but sedentary (watching TV) for a 
period of time in bed but still have the device removed. Researchers are now favouring a “24-hour 
continuous wear” protocol, as it increases compliance rates (Tudor-Locke et al. 2015) and provides 




data analysis) (Powell et al. 2020). Published findings on the measurement of free-living PA in 
young populations using a “24-hour continuous wear” protocol have identified high levels of 
compliance (Harrington et al. 2011a; Dowd et al. 2012a) while studies that have employed devices 
that are removed for bed hours appear to demonstrate lower compliance rates (Sardinha et al. 2008; 
Carson and Janssen 2011). The use of a device that has the ability to accurately distinguish sitting 
to standing transitions and that can be worn for 24 hours reduces any uncertainties associated with 
the assumptions of waking hours (Chastin et al. 2014).  
5.2.2.2 Method Employed in this Thesis 
A 24-hour continuous protocol is easily achieved with the activPAL device as it can be 
waterproofed using a nitrile sleeve and affixed to the leg using a hypoallergenic Tegaderm 
bandage. The participants in this thesis were encouraged to wear the activPAL device for 24-hours 
a day for nine consecutive days and were asked to only remove the device if they were bathing or 
swimming but could leave it on for showering. The use of the “24-hour continuous wear protocol” 
enabled the identification of the first rise time and last movements of each participant. It permitted 
the examination of sedentary patterns and time spent in bed which subsequently provided a more 
accurate estimation of waking time. Furthermore, it enabled the normalisation of sedentary 
patterns by presenting the results as a percentage of waking sedentary hours (Dowd et al. 2012a).  
5.2.3 Monitor Preparation and Distribution 
5.2.3.1 Initialisation and Monitor Settings: Method Employed in this Thesis 
To capture habitual PA behaviours accurately, researchers should apply the appropriate monitor 
settings and report them in subsequent publications (Edwardson et al. 2017). The activPAL 
software, version 7.2.32 was used to initialise the devices. Prior to initialisation, the activPAL 
devices were connected to a PC via a USB interface and charged for a period of five hours. The 
software allows immediate initialisation or future initialisation of the devices. For the purpose of 
the studies included in this thesis, all monitors were pre-initialised (usually the day before) to begin 
recording at 15:00 on the day the participants received the device and were set to stop recording 
at 15.00 nine days later. The monitors were set to record data using the activPAL 3 micro default-
sampling rate of 20 Hz.  
5.2.3.2 Monitor Attachment and Instruction: Method Employed in this Thesis 
The activPAL device uses information about static and dynamic acceleration to distinguish body 




participant was provided with an activPAL 3 micro device and given both a verbal and written 
demonstration of its use and what to do if the device was misplaced. To ensure standard operating 
procedures across all data collections, all devices were attached on the midpoint of the anterior 
aspect of the right thigh using a nitrile sleeve and hypoallergenic Tegaderm dressing. If a 
participant experienced skin irritation, they were advised to attach the device to the opposite leg. 
This enabled the participant to keep the device in the same optimal location (mid-thigh) rather than 
a sub-optimal position on the same leg. Participants were provided with extra nitrile sleeves and 
dressings, a medi-fix and tube-grip bandage (to secure the device when engaging in PA) and were 
instructed to change the dressing every 2-3 days. Participants were to remove the device only when 
they were submerging themselves underwater for prolonged periods (bathing or swimming) or 
when playing high-impact contact sports such as rugby. Any time the participants did remove the 
device, they were instructed to document the time they removed the monitor, the time they replaced 
it and the reason for removal in a non-wear diary. Completion of the non-wear diary enabled the 
researcher to investigate non-wear time that could not be inferred from the monitor output alone. 
Because the activPAL relies on the orientation of the thigh to determine posture, correct placement 
is vital. The activPAL software now has the ability to reprocess the data for the correct orientation, 
but cannot automatically detect it. If the participant noticed that they had attached the device upside 
down, they also reported it in the non-wear diary. This enabled a reprocess of the data, as if it were 
worn in the correct orientation. 
5.2.4 Data Processing: Method Employed in this Thesis 
5.2.4.1 activPAL Software and Output 
The activPAL proprietary software provides a user-friendly system for downloading and exporting 
pre-classified and raw activPAL data. The activPAL devices were connected to a PC via a USB 
interface and each device was downloaded into a separate coded folder for each participant. Once 
downloaded, the activPAL software (version 7.2.32) provided the researcher with a pre-classified 
graphical illustration of the amount of time spent sitting, standing, stepping and lying. Each 
individual file could be viewed by hour, by day or by week, which enabled researchers to check if 
the device was worn for the duration of the wear protocol. While the activPAL is a user-friendly 
device, it is not an interactive analytical tool and so further processing of the data was required 




periods (e.g., bed hours, waking time and non-wear time) and provided high quality data that was 
reflective of actual habitual activity behaviour (Dowd et al. 2012a). 
5.2.4.2 Definition of a Day and Non-Wear Time: Method Employed in this Thesis 
To define a day, we used a person-orientated approach. This meant that an individual’s data was 
analysed from one wake time to the next day wake time. This approach is deemed “behaviourally 
relevant” when analysing habitual activity behaviour as it prevents bouts of data being eliminated 
if they occur after an arbitrary time (Edwardson et al. 2017). In accordance with prescribed 
accelerometer methodologies, only data sets that provided at least four full days (3 weekdays and 
1 weekend day) of activity data were included for analysis (Trost et al. 2005). A valid day was 
classified as ≥ 10 hr of recording during waking hours (Masse et al. 2005). To be consistent with 
free-living accelerometer reduction methodologies, non-wear time was defined as any period with 
≥ 60 minutes of continuous unbroken zero activity counts from the output file (Harrington et al. 
2011a; Dowd et al. 2012a; Arundell et al. 2019).  
The activPAL 3 micro produces data continuously and is sensitive to “background noise”. 
Even if placed on a table or in a schoolbag, count information can be registered. To overcome this 
limitation, the non-wear diary and the excel file were cross-examined to identify the non-wear 
periods. The total amount of non-wear time from the accelerometer output and the non-wear diary 
was summed for each day and the 24hr day adjusted accordingly (24 hours – non-wear hours). In 
addition, any measured waking day that had non-wear time greater than 4 hours were removed 
from the analysis. 
5.2.4.3 Processing of Activity Variables: Method Employed in this Thesis 
The data from the activPAL stored in proprietary data format was accessed using the activPAL 
software version 7.2.32 and saved as a .csv file for each participant. All 15-second epoch .csv files 
were converted to a Microsoft Excel Format File which provided: (i) the time of each epoch; (ii) 
the number of steps taken in each epoch; (iii) the number of seconds (per epoch) spent sitting/lying, 
standing and stepping; and, (iv) the total accelerometer counts for each 15 second epoch. To 
retrieve, examine and differentiate bed hours, waking hours etc., from the activPAL device, a 24-
hour measurement protocol was defined. Throughout this thesis, a 24-hour measurement period 
was defined from 5am to 5am the following day across all studies.  
Sedentary, standing and stepping time were calculated by summing the total number of 




that are ≥ 3 METs (Ainsworth et al. 2011; Butte et al. 2018). To calculate the time spent in MVPA, 
a threshold for the sum of the vector magnitude (√𝑥2 + 𝑦2 + 𝑧2 ) of 9286 counts.15sec-1 was used 
to identify MVPA for each 15 second period. This count-to-activity threshold was developed using 
ROC and AUC analysis in a mixed adolescent group aged between 15-18 years. A full 
methodological description on the threshold development can be observed in Chapter Four. From 
the activPAL 15-second epoch excel file, if an epoch had accelerometer counts that were greater 
than 9286 counts.15s-1, it was identified as time spent in MVPA. Once identified, the time spent 
in MVPA was summed over the 24-hour period. LIPA was calculated by subtracting the sum of 
the time spent sedentary, standing and time spent in MVPA from 24 hours. 
5.2.4.4 Processing of Sedentary Variables: Method Employed in This Thesis 
A customised MATLAB (Mathworks, Inc, Natick, MA, USA) computer software programme 
previously developed within our research group (Dowd et al. 2012a) was used to process the 
activPAL sedentary output. Each epoch was categorised with a binary code. A sedentary epoch 
was categorised as “code = 1” if an entire 15 second epoch was spent sitting/lying. A non-sedentary 
epoch was categorised as “code = 0” if a 15 second epoch had more than zero seconds of stepping 
or standing. The programme then identified and examined sedentary periods whereby one 
sedentary epoch identified the start of a sedentary period and the last consecutive sedentary epoch 
identified the end of the sedentary period. The MATLAB programme then examined each daily 
activPAL output file sequentially and for each continuous sedentary period, the start time, the end 
time and the duration in bouts in minutes and seconds was retrieved.  
5.2.4.5 Identification of Bed Hours and Waking Hours: Method Employed in This Thesis 
For the 24-hour protocol, methods were required to distinguish between bed hours and waking 
hours. The MATLAB generated excel file enabled the identification of estimated rise time and 
bedtime. This time was selected based on the manual screening of files whereby the majority of 
the participants did not wake before this time. The first registered non-sedentary epoch after 
5:00am was identified as rise time. The last registered non-sedentary epoch of the day which was 
followed by a long uninterrupted sedentary period (> 2 hours) was identified as bedtime. Bed hours 
were calculated as [time between 05:00 and the first non-sedentary epoch] + [time between last 
non-sedentary epoch and the following 05:00 time point] (Dowd et al. 2012a). Waking hours were 




(for example, getting up to use the bathroom) data were visually scanned and these periods were 
removed from the analysis. The bed hours were then recalculated to present total bed hours.  
5.2.4.6 Identification and Examination of Sedentary Patterns: Method Employed in this 
Thesis 
The total duration of sedentary time does not provide information on how the participants 
accumulated their daily sedentary time (Arundell et al. 2019). To identify daily sedentary patterns, 
the information derived from the MATLAB generated Excel file was exported to a specially 
developed sedentary analysis Microsoft Excel macro. The sedentary analysis macro calculated the 
number and duration of each sedentary period across each of the following categories; < 20 
minutes, 20-30 minutes, 30-40 minutes, 40-60 minutes and > 60 minutes. These arbitrary sedentary 
bout categories were selected to provide more information on whether a participant accumulated 
their behaviours in short sedentary periods or longer uninterrupted sedentary periods. Standardised 
procedures for accelerometer data collection and reduction are required. The SBRN have defined 
sedentary bouts as periods of uninterrupted sedentary time (Tremblay et al. 2017). It must be 
acknowledged, that the sedentary bout durations used throughout this thesis are somewhat arbitrary 
and crude. Since the fractionation of sedentary time declines with age what is defined here as short 
bout (< 20 minutes) would be considered a long bout in children for example, children accumulate 
sedentary time in larger numbers of shorter bouts than adolescents and adults who tend to 
accumulate sedentary time in fewer but longer bouts (Gaya et al. 2020). The inclusion of sedentary 
bout durations that ranged from < 20 minutes to > 60 minutes in duration whilst not ideal was to 
enable comparison across different age groups (see Chapter Six and Chapter Seven). To advance 
this field of sedentary behaviour epidemiology, there is a need for a clear and ‘evidence-based 
operationalisation for such sedentary bouts and breaks for youth populations. 
5.3 Conclusion  
To identify and accurately measure the relationship between patterns of PA and SB with indices 
of health, there is a need for accurate measurement methodologies and standardised data analysis 
methods (Matthews et al. 2012). This chapter provides a detailed description of the methodologies 
used to analyse the output from the activPAL PA monitor over a 24-hour period. The techniques 
and analysis methods presented can be applied to all populations with which the activPAL has 
been validated. The information described herein, provides a detailed description of the 




spent sitting/lying; (ii) standing; (iii) time in LIPA and MVPA; and, (iv) time spent in short and 
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Physical activity (PA) is defined as any bodily movement produced by skeletal muscles that results 
in EE (Caspersen et al. 1985). Generally, PA is differentiated by its intensity. Light intensity PA 
(LIPA) refers to incidental movements and activities of daily living with a metabolic cost between 
> 1.5 and < 3.0 METs. Moderate-intensity PA (MPA) refers to those activities that have a 
metabolic cost between ≥ 3 and < 6 METs while vigorous-intensity PA (VPA) refers to any PA 
with a metabolic cost ≥ 6 METs (Tremblay et al. 2010; Thivel et al. 2018). Collectively, MPA and 
VPA are referred to a moderate-to-vigorous intensity PA (MVPA). Sedentary behaviour (SB) is 
an umbrella term used to define any waking behaviour characterised by an energy expenditure of 
≤ 1.5 METs while in a sitting, lying or reclining posture (Tremblay et al. 2017). Sedentary time, a 
component of SB, is defined as the time spent for any duration (e.g., per day or per week) or in 
any context (e.g., at school or at work) in SB. SB patterns refer to the manner in which SB is 
accumulated throughout the day or week while awake (for example, the duration and frequency of 
sedentary bouts and breaks) (Tremblay et al. 2017). The degree to which PA, SB and SB patterns 
change throughout different youth stages is poorly researched but critical to inform the 
development of interventions to modify a populations’ activity behaviour (Hayes et al. 2019). 
Traditionally, research related to PA and SB has focused on activity volume and ignored 
patterns of accumulation (Healy et al. 2011a; Contardo Ayala et al. 2016). The available 
epidemiological evidence suggests that the total daily volume of; sedentary time and time spent in 
light, moderate and/or vigorous intensity PA are strong predictors of positive and/or negative 
health outcomes (Healy et al. 2008b; Bauman et al. 2009; Carson and Janssen 2011; Healy et al. 
2011b; Hay et al. 2012; Carson et al. 2013b; Carson et al. 2016b). However, habitual activity 
behaviour is intermittent and accumulated in bouts that vary by intensity, duration and frequency 
(Tremblay et al. 2017). Research within adult populations has identified that both long (≥ 10 
minutes) and short (< 10 minutes) bouts of MVPA are associated with more favourable body 
composition markers (Glazer et al. 2013) and that breaking-up prolonged bouts of sedentary time 
is beneficially associated with indices of cardiometabolic health (Healy et al. 2008a; Chastin et al. 
2015). These findings suggest that for middle-aged and older adults, it is the way in which these 
behaviours are accumulated, not just the total volume of activity behaviour that has implications 
for health. The evidence reporting the associations between the total volume of daily activity 




(Carson and Janssen 2011; Altenburg et al. 2015; Cliff et al. 2016). Furthermore, it remains unclear 
whether there are differential effects on health depending on how PA and SB are accumulated by 
child, adolescent and young adult populations (Cliff et al. 2016; Verswijveren et al. 2018).  
Technological advancements in the area of wearable motion sensors has led to the 
development of reliable, unobtrusive, and cost-effective methods of examining free-living activity 
behaviours (Welk 2005; Pate et al. 2008; Loyen et al. 2017). Traditionally, PA measurement 
devices have employed accelerometer count-to-activity thresholds that enable researchers to 
determine specific PA intensities (Trost et al. 2011). Using this method, the count function of 
measurement devices estimates sedentary time based on the lack of ambulation (Ridgers et al. 
2012) and so it cannot reliably determine sitting from standing (Harrington et al. 2011a; Ridgers 
and Fairclough 2011). Bearing this information in mind, it is now hypothesized that accelerometer 
thresholds may overestimate sedentary time (Lubans et al. 2011; Ridgers et al. 2012). Therefore, 
the fundamental limitations associated with examining static behaviour using accelerometer-based 
devices highlights the challenge for researchers to determine who exactly is sedentary (Owen et 
al. 2010) and thus conclusions on sedentary time using such methods should be interpreted with 
caution. 
Inclinometer-based wearable motion sensors that enable researchers to objectively 
examine free-living activity behaviours using postural orientation have been deemed more 
accurate than count-to-activity thresholds (Lubans et al. 2011; Dowd et al. 2012a). One such 
device that has undergone extensive validation and gained credence for the measurement of 
locomotion and SB within young populations is the activPAL PA monitor (Kozey-Keadle et al. 
2011a; Dowd et al. 2012b). It does not rely on sedentary thresholds, enables standing time to be 
estimated independently and can detect transitions between sitting and lying time (Grant et al. 
2006; Ryan et al. 2006; Dowd et al. 2012a). With the significant increase in efforts to measure and 
examine youth activity behaviour across the entire PA spectrum, practical and descriptive 
standardised methodologies for the examination of inclinometer-based accelerometer outputs are 
warranted.  
Currently, little is known about the levels of daily free-living activity behaviours in young 
people, and how individuals may accrue their activity volume. Therefore, the primary purpose of 
this chapter is to examine objectively, the total volume of daily free-living activity behaviours 




sedentary bouts) within a combined group of Irish and German children, adolescents and young 
adults using the activPAL device. The secondary purpose of this chapter is to examine, highlight 
and discuss any age-group differences in the levels and patterns of activity behaviour across a 
typical measured week. Owing to the cross-sectional nature of the study design, coupled with the 
differing sample sizes and sampling methods used, this study is exploratory. It adds value through 
highlighting empirical ways of testing the methodological approaches developed in Chapter 5. 
6.2 Method  
6.2.1 Sample and Recruitment  
Data were drawn from a combined sample of European children, adolescents and young adults 
that were enrolled within two cross-sectional cohort studies; the Determinants of Diet and Physical 
Activity (DEDIPAC) European Knowledge Hub and/or the Student Activity and Sport Study 
Ireland (SASSI). The following sections outline the recruitment process and measurement 
protocols used within the respective cohorts.  
6.2.1.1 Child and Adolescent Study Participants 
The DEDIPAC European Knowledge Hub was first launched in 2013 to investigate the 
determinants of diet, PA and SB over the life course (Brug et al. 2017). The child and adolescent 
activity data reported within the current chapter were collected through three centres by means of 
a feasibility study that aimed to objectively measure activity behaviours and to test a newly 
developed questionnaire designed to assess SB and media use in school-aged children.  
In September 2015, three primary schools (2 German, 1 Irish) and three second-level 
schools (2 German, 1 Irish) were selected to take part in this study. The schools were selected 
through convenience sampling methods, for example, the DEDIPAC research centres that were 
selected to conduct the feasibility study had previous research links with the schools and thus 
invited them to take part. Only class groups with children aged between 7-8 years and adolescent 
pupils aged between 14-15 years were invited along with the person who had the care and custody 
of the child to participate in the study. Once written informed consent was obtained from the school 
Principals, all eligible students were given a short presentation explaining what was involved for 
the participants and their parent/guardian. Once the students expressed interest, they were provided 
with information packs that included parental and participant information sheets, consent forms 
and a PAR-Q (Appendix D). Students were required to return the packs to the co-operating teacher 




the short presentation by the research staff, 379 students received information packs and 256 
students returned their information packs with signed consent forms etc. Participants were included 
if parental consent and participant assent were retrieved, and if they had successfully completed 
the PAR-Q. To this end, 244 participants who had given consent were provided with study-specific 
questionnaires and were fitted with an activPAL 3 micro (PAL Technologies, Glasgow, Scotland). 
The questionnaire data are not reported herein. All activity measurement procedures were 
conducted between September 2015 and June 2016 by trained research staff according to the study-
specific standard operating procedures. Ethics committee approval was granted by each 
participating centre in accordance with the 1964 Declaration of Helsinki (The UL component was 
covered by: 2015_12_24_EHS). The recruitment process is presented in Figure 6.1. 
 
 
Figure 6.1. Study recruitment. 
 
6.2.1.2 Young Adult Study Participants 
The SASSI study is a university-based cross-sectional study that took place across the island of 
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were collected from one centre (University of Limerick) of the SASSI study between March and 
April 2015 in accordance with the SASSI health and well-being assessment. This assessment 
consisted of the development, administration and collection of self-report and device-based 
measures of PA. The self-report data is not reported herein, and the objectively measured activity 
behaviour was obtained using the activPAL 3 micro device. 
6.2.2.2.1 SASSI Sampling Procedure 
In accordance with the SASSI health and well-being assessment standard operating procedures, 
for inclusion, a target number of 100 participants (aged 18 years or older) was required from each 
of the study centres. A sample of students from the University of Limerick were stratified where 
possible to include representation from each faculty, year group and sex. It was decided to recruit 
a convenience sample (i.e., any registered student) from each faculty (25% each). Within each 
25%, recruitment of 50% males and 50% females was targeted. All degree programmes 
(undergraduate (UG)/postgraduate (PG)) from each faculty (years one, two, three, four (UG) and 
five (PG)) were entered into a lowest random numbers table. Within each faculty, the programme 
that yielded the lowest random number were sent a recruitment email inviting them to take part in 
the study. A reminder email was sent exactly one week post the first email. If participant numbers 
were not successfully achieved through the first batch of programmes, the remaining programmes 
were then entered into a lowest random numbers table  
A total of 184 students responded to the recruitment email. Once the students had expressed 
interest, they were provided with electronic copies of the study information sheet, consent form 
and a PAR-Q questionnaire (Appendix D) The students were then provided with a list of testing 
times and were required to confirm a date and time that suited them to participate in the study. Of 
the 184 students that expressed interest in the study, 150 students provided written consent to 
participate. Thirty-four students that had provided written informed consent failed to attend on the 
testing days. Data were collected on 116 students (UG 90%, PG 10%). Ethics committee approval 
was granted by the University of Limerick Research Ethics Committee (2014_10_21_EHS). 
6.2.3 Measurement Procedures 
6.2.3.1 Inclusion Criteria and Demographic Information 
Participants were eligible to take part in this study if they were male or female, within the specified 
age bracket and if they were free from any illness or injury that may prevent them from 




occurred in the participant’s respective school gymnasiums. Testing procedures for the university 
student cohort occurred within the Department of Physical Education and Sport Sciences at the 
University of Limerick. Participants age and sex were self-reported or reported in an adolescent or 
parent survey. 
6.2.3.2 Measurement of Habitual Activity Behaviour 
6.2.3.2.1 The activPAL Physical Activity Monitor 
All participants were instructed to wear the activPAL 3 micro for 24 hours a day on nine 
consecutive days (PAL Technologies, Glasgow, Scotland). A detailed description of the 
characteristics and wear protocol of the activPAL device has been provided in Chapter Five and 
thus will only be briefly described here.  
The participants were provided with the activPAL device and were given a full written and 
oral explanation of its use. All participants were instructed to remove the device only when 
engaging in prolonged water-based activities for example, swimming or bathing. Subjects were 
then instructed in step-by-step format on how to; waterproof the device with a nitrile sleeve, 
identify the midpoint of the anterior aspect of the right thigh and to affix the device to the leg using 
the hypoallergenic tegaderm strip. All participants were provided with an elasticated tubigrip 
bandage and were instructed to wear this for additional device security. Upon completion of the 
study, all participants returned their activPAL packs that included their activPAL device and an 
activPAL non-wear diary to the main researcher (all monitor removals were documented in the 
activPAL non-wear diary).  
6.2.4 Data Examination and Cleaning 
The activPAL output was individually screened to ensure that each participant had provided a 
sufficient number of valid days of accelerometer recording. A day was deemed valid if there was 
≥ 10 hrs of recording during waking hours. Consistent with previous literature, the first and last 
day of accelerometer output were excluded from the analysis to account for subject reactivity 
(Toftager et al. 2013). Participants were included in this free-living analysis only if they achieved 
at least four full days of accelerometer recording (3 weekdays and at least 1 weekend day) (Trost 
et al. 2005). Non-wear time was defined as 60 minutes or more of consecutive zero accelerometer 
counts during waking hours (Dowd et al. 2012a; Migueles et al. 2017; Arundell et al. 2019), which 
was cross-referenced with the activPAL non-wear diaries (Appendix D). The total amount of non-




summed for each day and the 24 hours adjusted accordingly (24 hours – non-wear hours). 
Additionally, if the accelerometer output non-wear time registered as sitting/lying or standing time 
(depending on how the device was positioned when it was taken off), it was manually subtracted 
from the respective waking day activity behaviours.  
6.2.4.1 Data Download and activPAL Output 
To examine the activPAL output, a 24-hour measurement protocol was used. The measurement 
protocol was defined from 5am to 5am the following day. The activPAL proprietary software 
version 7.2.32 was used to download the recorded activity data from all devices. For each 
participant, epoch data (15-second period) for the entire 9 day recording period was exported to a 
Microsoft excel format file (Microsoft Corporation, Microsoft Excel 2016, One Microsoft Way, 
Redmond, WA, USA). For each 15 second epoch, the Excel file displayed the number of seconds 
that the participant spent sitting/lying, stepping and standing. Using a customised excel macro, 
these values were summed over each 24-hour day and averaged to calculate the mean time spent 
sitting, stepping, lying and standing for the duration of the recording period.  
6.2.4.2 Processing and Examination of Sedentary Behaviour Variables 
A customised MATLAB (the MathsWorks Inc., 3 Apple Drive, Natick, MA, 01760-2098, USA) 
computer software programme was used to examine daily sedentary output from the activPAL 
device. The information derived from the MATLAB generated Excel file was exported to a 
specially developed Microsoft Excel sedentary analysis macro. The sedentary analysis macro 
calculated the total daily number and duration of each sedentary period during waking hours 
(excluding bed hours) across the following categories: < 20 minutes, 20-30 minutes, 30-40 
minutes, 40-60 minutes and > 60 minutes. For each bout length, the sedentary bout was defined as 
a continuous bout of sitting/lying time for the equivalent amount of minutes. The sedentary bout 
ended when the participant transitioned from sitting/lying to standing.  
6.2.4.3 Identification of Bed Hours and Waking Hours 
The MATLAB generated excel file enabled the identification of estimated rise time and bedtime. 
Bed hours were detected by first identifying a time that the participants had not yet woken. 5am 
was selected as the start time for each 24-hour measurement day. This start time was based on the 
authors experience from manually screening files, whereby the participants tended not to wake 
before this time. The first registered non-sedentary epoch after 5:00:00 am was identified as rise 




sedentary epoch of the day which was followed by a long interrupted sedentary period (> 2 hours) 
(Harrington et al. 2011a; Dowd et al. 2012a) 
Bed hours were then calculated as; [time between 05:00:00 and the first non-sedentary 
epoch] + [time between last non-sedentary epoch and the following 05:00:00 time point] (Dowd 
et al. 2012a). Short breaks during bed hours (for example, getting up to use the bathroom) were 
not identified as first rise time. Waking hours were calculated as [Bed-Time – Rise-Time] thus 
enabling the calculation of waking sedentary time as [Total Daily Sedentary Time – Bed Hours] 
(Dowd et al. 2012a). 
6.2.4.4 Processing of Physical Activity Data 
As the focus of this chapter is on SB and SB patterns, the amount of time that the child, adolescent 
and young adult cohort spent in LIPA and MVPA is only briefly described. The total time spent 
in LIPA and MVPA was determined using a previously validated step-count threshold for the child 
population (Tudor-Locke et al. 2018) and count-to-activity thresholds for the adolescent and young 
adult populations (Powell et al. 2017). At the time of data analysis, a count-to-activity threshold 
for the determination of MVPA did not exist within child populations for the activPAL3 micro. 
To overcome this, a previously developed and validated step-count threshold of 30 steps.15sec -1 
was used to determine MVPA (Tudor-Locke et al. 2018). For the adolescent population, MVPA 
was identified using a threshold of 9286 counts.15sec-1 developed from the sum of the vector 
magnitude √𝑥2 + 𝑦2 + 𝑧2 for each 15 second period. A full methodological description on the 
threshold development can be observed in Chapter Four. For the young adult cohort, MVPA was 
identified using a previously developed and validated count-to-activity threshold of 8873 
counts.15sec-1 developed in an adult population using the sum of the vector magnitude for each 15 
second epoch (Powell et al. 2017). LIPA was calculated as 24 hours - [sedentary time + standing 
time + MVPA] (Dowd et al. 2014).  
6.2.5 Statistical Analysis  
ActivPAL output was summed and averaged over the measured week for each cohort. The total 
time spent sedentary, standing, engaged in LIPA and MVPA during waking hours was examined. 
In addition, the total time spent in sedentary bouts and the time spent in bouts of specific durations 
i.e. < 20 minutes, 20-30 minutes, 30-40 minutes, 40-60 minutes and > 60 minutes were calculated 
and averaged over the measured days. All outcome variables were tested to meet the assumptions 




demonstrate a normal distribution, the parametric conclusion was confirmed using non-parametric 
equivalent tests. In the case where the parametric test did not confirm the non-parametric result, 
the non-parametric Kruskall-Wallis test-statistic is reported. Eight of the ten current analyses were 
confirmed and two produced a different conclusion. For ease of interpretation, the parametric result 
is reported within. Univariate ANOVA’s were used to examine the main effects of age-group, sex 
and location for each of the following; total sedentary time, waking sedentary time, sedentary 
bouts, the total time spent standing, in LIPA and in MVPA for the total measured days. Estimated 
Marginal Means (EMM) were used to evaluate the mean differences between populations and Post 
Hoc Pairwise Comparisons with Bonferroni adjustment (PHPC) were used to examine where 
populations means differed. Partial eta squared effect size (η2) statistics were calculated to 
indicate the proportion of variance of the dependent variable that was explained by the independent 
variable. To compute the effect size for Kruskal-Wallis test as the eta squared based on the H-
statistic the following formulae was used: eta2[H] = (H - k + 1)/(n - k); where H is the value 
obtained in the Kruskal-Wallis test; k is the number of groups and n is the total number of 
observations (Tomczak and Tomczak 2014). To interpret the strength of the effect size statistics, 
guidelines proposed by Cohen (1988) were followed; Partial eta and epilson squared effect sizes 
of 0.01, 0.06 and 0.13 were considered small, medium and large respectively. Statistical 
significance was set at p < 0.05. All statistical analyses were completed using PASW Version 25.0 
for windows (SPSS Inc, Chicago, IL, USA). 
6.3 Results 
6.3.1 Descriptive Information 
A convenience sample of 244 children and adolescents recruited through three research centres in 
Germany and Ireland and, a stratified sample of 116 young adults recruited through one research 
centre in Ireland participated in this study. When accelerometer data was examined for the number 
of valid days recording, a total of 50 participants were excluded from the child and adolescent 
cohorts and a further 33 participants were removed from the young adult cohort. Reasons for 
excluding participants were as follows: (i) less than 4 days of valid accelerometer data was 
recorded (N = 39); (ii) at least 1 weekend day was not included (N = 30); (iii) the device was 
removed during school/university hours (N = 10); or, (iv) the device malfunctioned (N = 4). Data 




therefore included in the final analysis and presented in this chapter. The mean age ± standard 
deviation (Mean (SD)) of the included participants are presented in Table 6.1.  
 
Table 6.1. Participant characteristics for the total, male and female populations (Mean (SD)). 
  
Child Cohort Adolescent Cohort 
Young Adult 
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6.3.2 Analysis of Total Weekly Activity Behaviours 
6.3.2.1 Total Daily Sedentary Time and Waking Sedentary Time 
Age groups differed in total time spent sedentary (Age-Group F (2, 272) = 19.951, p ≤ 0.001, η2 
= .128) (Figure 6.1.). Estimated Marginal Means (EMM) analysis with Post Hoc Pairwise 
Comparisons analysis with Bonferroni adjustment (PHPC) revealed that children accumulated 
significantly less total sedentary time compared to adolescents (Mean Difference (MD) = 1.12 
hours, 95% Confidence Interval for Difference (95% CI) = -1.551 - -0.691, p < 0.001) but did not 
differ to young adults (p = 0.056). Total sedentary time differed between the adolescent and young 
adult cohorts, with the adolescents accumulating significantly more total sedentary time compared 
to young adults (MD = 0.56 hours, 95% CI = 0.21 – 1.089, p = 0.039). There was no significant 
main effect of sex or location on total sedentary time (Sex F (1, 272) = 0.899, p = 0.344, η2 = .003; 
Location F (1, 272) = 1.471, p = 0.226, η2 = .005).  
Age-group differences were observed for the time spent sedentary during waking hours, 
(Age-Group F (2, 272) = 86.669, p < 0.001, η2 = .389). EMM with PHPC analysis showed that 
the child cohort spent significantly less of their waking hours being sedentary compared to the 
adolescent (MD = 2.38 hours, 95% CI = -2.831 – -1.926, p < 0.001) and young adult cohort (MD 
= 2.28 hours, 95% CI = -2.904 – -1.690, p < 0.001) (Figure 6.2.). Waking sedentary time did not 




location on waking sedentary time was observed (Sex F (1, 272) = 2.379, p = 0.124, η2 = .009; 
Location F (1, 272) = 0.747, p = 0.388, η2 = .003).  
 
 
Figure 6.1. Total time spent sedentary (includes bed hours) averaged over the total measuring 
period. To account for sample size differences, error bars are presented using standard error. 
Significant age-group differences are presented by p-values adjusted for multiple comparisons 









Figure 6.2. Average sedentary waking time over the total measuring period. To account for sample 
size differences, error bars are presented using standard error. Significant age-group differences 
are presented by p-values adjusted for multiple comparisons using Bonferroni adjustment. 
6.3.2.2 Total Standing Time  
Age-group and sex differences were observed for standing time (Age-Group F (2, 272) = 6.491, 
p = 0.002, η2 = 0.46; Sex F (1, 272) = 5.147, p = 0.024, η2 = .019). The child cohort spent 
significantly more time standing compared to the adolescents (MD = 0.45 hours, 95% CI = 0.129 
– 0.776, p = .003). Standing time did not significantly differ between the adolescent cohort and the 
young adult cohort. Sex differences were present, with male participants spending significantly 
less time standing compared to females (MD = 0.24 hours, 95% CI = -0.452 - -0.32, p = 0.024). 
No significant differences were observed between locations for standing time (Location F (1, 272) 





Figure 6.3. Average time spent standing over the total measuring period. To account for sample 
size differences, error bars are presented using standard error. Significant age-group differences 
are presented by p-values adjusted for multiple comparisons using Bonferroni adjustment. 
6.3.2.3 Total Time Spent in LIPA and MVPA 
Age-group and location effects were present for the amount of time spent in LIPA (Age-Group F 
(2, 272) = 275.95, p < 0.001, η2 = .670: Location F (1, 272) = 16.923, p < 0.001, η2 = .059). Sex 
differences were not apparent (Sex F (1, 272) = 3.010, p = 0.084, η2 = .011). EMM with PHPC 
analysis showed that children spent significantly more time in LIPA compared to adolescents (MD 
= 1.35 hours, 95% CI: 1.212-1.500, p < 0.001) and young adult cohort (MD = 1.29 hours, 95% CI: 
1.092-1.478, p < 0.001). No significant differences were present when the time spent in LIPA was 
compared between adolescents and young adults (Figure 6.4.). Moreover, German participants 
achieved significantly higher LIPA levels compared to Irish participants (MD = 0.27 hours, 95% 
CI = 0.140 – 0.397, p < 0.001). 
There was a statistically significant main effect of age-group on the amount of time spent 
in MVPA (Age-Group F (2, 272) = 117.640, p < 0.001, η2 = .464). The Child cohort accrued 
significantly less time in MVPA compared to adolescent cohort (MD = 0.67 hours, 95% CI: -
0.785- - 0.558, p < 0.001) and young adults (MD = 0.75 hours, 95% CI: -0.898- - 0.593, p < 0.001). 
No significant differences were observed between adolescents and young adults for MVPA time. 
No statistical significant differences for the time spent in MVPA were observed between sexes or 
between locations (Sex F (1, 272) = 1.049, p = 0.307, η2 = .004: Location F (1, 272) = 0.007, p = 





Figure 6.4. Average time spent in LIPA over the total measuring period. To account for sample 
size differences, error bars are presented using standard error. Significant age-group differences 
are presented by p-values adjusted for multiple comparisons using Bonferroni adjustment. 
6.3.2.4 Patterns of Sedentary Behaviour 
6.3.2.4.1 Time Spent in Sedentary Bouts < 20 Minutes and 20-30 Minutes 
Age groups differed on the amount time spent in sedentary bouts that were less than 20 minutes in 
duration (Age-Group F (2, 272) = 99.387, p < 0.001, η2 = .422) (Figure 6.5). EMM with PHPC 
analysis showed that the child cohort accumulated significantly more of their waking hours in 
sedentary bouts of < 20 minutes compared to adolescent cohort (MD = 77.49 minutes, 95% CI: 
60.085 – 94.889, p < 0.001) and young adult cohort (MD = 126.95 minutes, 95% CI: 103.616 – 
150.291, p < 0.001). Similarly, the adolescent cohort accumulated more time in sedentary bouts of 
< 20 minutes compared to young adult cohort (MD = 49.47 minutes, 95% CI: 27.842 – 71.091, p 
< 0.001). No significant main effect of sex and location on the time spent in sedentary bouts of < 
20 minutes was observed (Sex F (1, 272) = 3.303, p = 0.070, η2 = .012; Location F (1, 272) = 
0.286, p = 0.593, η2 =.001).  
A Kruskal-Wallis H-test showed that there was a statistically significant difference 
between age groups for the time spent in sedentary bouts lasting 20-30 minutes (Age-Group 2 (2) 
= 69.316, p < 0.001, η2 (H) = .238). The child cohort accumulated significantly less time in 
sedentary bouts of 20-30 minutes compared to the adolescent cohort (Mean Ranks Difference = 




Difference = 64.41 minutes, Standard Error = 13.326, p = 0.003). The adolescent cohort 
accumulated significantly more time in sedentary bouts of 20-30 minutes compared to the young 
adult cohort (Mean Ranks Difference = 37.35 minutes, Standard Error = 11.255, p < 0.001). No 
significant main effect of sex and location on the time spent in sedentary bouts lasting 20-30 
minutes was observed (Sex 2 (1) = 0.056, p = 0.813, η2 (H) = .010; Location 2 (1) = 0.205, p = 
0.651, η2 (H) = 0.010). 
 
 
Figure 6.5. Average time spent in sedentary bouts of less than 20 minutes over the total measuring 
period. To account for sample size differences, error bars are presented using standard error. 
Significant age-group differences are presented by p-values adjusted for multiple comparisons 
using Bonferroni adjustment. 
6.3.2.4.2 Time Spent in Sedentary Bouts 30-40 Minutes and 40-60 Minutes 
The time spent in sedentary bouts lasting 30-40 minutes differed across age groups and location 
(Age-Group F (2, 272) = 82.440, p < 0.001, η2 = .422; Location F (1, 272) = 48.171, p < 0.001, 
η2 = .150). The child cohort accumulated significantly less time in sedentary bouts of 30-40 
minutes compared to the adolescent cohort (MD = 48.47 minutes, 95% CI: -57.06 – -39.881, p < 
0.001) and young adult cohort (MD = 14.49 minutes, 95% CI: -26.007 – -2.969, p = 0.008). The 
adolescent cohort accumulated significantly more time in sedentary bouts of 30-40 minutes 
compared to the young adult cohort (MD = 33.98 minutes, 95% CI: 23.309 – 44.655, p < 0.001). 
German participants accumulated significantly less time in sedentary bouts of 20-30 minutes 
compared to the Irish participants (MD = 27.00 minutes, 95% CI: -34.653– -19.338, p < 0.001). 




A Kruskal-Wallis H-test showed that there was a statistically significant difference 
between age groups for the time spent in sedentary bouts lasting 40-60 minutes (Age Group 2 
(2) = 116.683, p < 0.001, η2 (H) = .411). The child cohort accumulated significantly less time in 
sedentary bouts of 40-60 minutes compared to the adolescent cohort (Mean Ranks Difference = 
119.00 minutes, Standard Error = 12.232, p < 0.001) and young adult cohort (Mean Ranks 
Difference = 129.07 minutes, Standard Error = 13.326, p = 0.003). No significant differences were 
observed between the adolescent and young adult cohorts. No significant main effect of sex and 
location on the time spent in sedentary bouts lasting 40-60 minutes was observed (Sex 2 (1) = 
2.735, p = 0.098, η2 (H) = .000; Location 2 (1) = 0.380, p = 0.538, η2 (H) = .009). 
6.3.2.4.3 Time Spent in Sedentary Bouts > 60 minutes. 
Age-group differences were observed for sedentary bouts > 60 minutes (Age-Group F (2, 272) = 
64.455, p < 0.001, η2 = .332) (Figure 6.6). The child cohort accumulated significantly less of their 
waking hours in sedentary bouts of > 60 minutes compared to the adolescent cohort (MD = 80.17 
minutes, 95% CI: -104.070 - -56.263, p < 0.001) and young adult cohort (MD =144.12 minutes, 
95% CI: -176.18 - -112.063, p < 0.001). Similarly, the adolescent cohort accumulated less time in 
sedentary bouts > 60 minutes compared to the young adult cohort (MD = 63.95 minutes, 95% CI: 
-93.66 - -34.249, p < 0.001). No significant differences were observed between sexes or locations 
(Sex F (1, 272) = 0.389, p = 0.533, η2 = .001; Location F (1, 272) = 1.216, p = 0.271, η2 =.004). 
 
 
Figure 6.6. Average time spent in sedentary bouts of greater than 60 minutes over the total 
measuring period. To account for sample size differences, error bars are presented using standard 
error. Significant age-group differences are presented by p-values adjusted for multiple 





This study provides a novel analysis of activPAL-measured sedentary time, standing, LIPA, 
MVPA and patterns of sedentary time accumulation among Irish and German children, adolescents 
and young adults. Broadly speaking, the findings from this study have identified and described 
differences in the levels and patterns of activity accumulation across age groups. In addition, a 
thorough description of the approach to data interpretation and outcome variable calculation used 
to examine the levels and patterns of sedentary time has been presented. The use of such an 
approach can and should be employed for the examination of inclinometer-based accelerometer 
output in an effort to standardise data interpretation and reporting and thus enhance between study 
comparability. 
6.4.1 Total Sedentary Time and Waking Sedentary Time 
The majority of large-scale studies that report levels of sedentary time have used devices that are 
not worn during bed hours thus information on the total daily sedentary time is sparse (Dowd et 
al. 2012a). The present study observed significant age-group differences for total daily sedentary 
time and waking sedentary time (adjusted for sex and location). Specifically, the adolescent cohort 
accumulated significantly more total sedentary time (includes bed hours) (18.7 hours) compared 
to the child (17.6 hours) and young adult cohort (18.3 hours). In addition, the adolescent cohort 
spent more of their waking time sedentary (9.9 hours) compared to the child (7.5 hours) and young 
adult cohorts (9.7 hours). The findings of the present study align with previous cross-sectional 
studies that have examined waking sedentary time in young populations (Matthews et al. 2008; 
Sardinha et al. 2008; Ruiz et al. 2011; Mitchell et al. 2013). For example, analysis from a 
representative sample of the US population highlighted that children aged 6-9 years engage in 
sedentary activities for between 6-8 hours per day (Matthews et al. 2008). Similar findings have 
been reported with representative samples from the UK, Canada and Europe with children 
spending 6-8.3 hours of their waking time in sedentary pursuits (Riddoch et al. 2004; Steele et al. 
2010; Herman et al. 2014; Colley et al. 2017).  
Excessive SB during adolescence is increasingly recognised as an independent risk factor 
for cardiometabolic health (Arundell et al. 2019). The results presented indicate that the adolescent 
cohort spent ~10 hours of their waking day in SB. These findings align closely with three studies 
that used the activPAL device to assess the levels and patterns of sedentary time (Harrington et al. 




females aged between 15-18 years accumulated ~18.8 hours daily in total sedentary time 
(Harrington et al. 2011a; Dowd et al. 2012a). Similar to the present study, Dowd et al. (2012a) 
observed that female participants spent 9.6 hours in sedentary activities during waking hours. 
These findings also align with those of Contardo Ayala et al. (2019) who identified Australian 
adolescent participants spent approximately 10.8 hours of their waking day in sedentary activity 
at the age of 14 years and this increased to approximately 11 hours at the age of 16 years. Given 
that elevated SB may be associated with unfavourable body composition markers, low 
cardiorespriatory fitness and cardiometabolic risk during adolescence (Carson et al. 2016a; Cliff 
et al. 2016; Verswijveren et al. 2018) these findings highlight adolescence as a key development 
period for future intervention. 
A limited number of studies have examined sedentary time in young adult populations. In 
fact, very few studies have used objective measures to examine sedentary levels and have included 
a proportion of young adults in samples across wide age-ranges, thus making meaningful 
comparison with other studies difficult (McVeigh et al. 2016). The average sedentary waking time 
in the present study was slightly higher than that observed for 300 young adults aged 20-29 years 
in the NHANES study (54% (7.5) hours of their waking day sedentary) (Matthews et al. 2008a). 
Studies that have determined sedentary time using inclinometer-based devices i.e., the activPAL 
have reported similar proportions of sedentary time during waking hours to the ones reported in 
the present study (McVeigh et al. 2016; Felez-Nobrega et al. 2018). McVeigh and colleagues 
reported that the prevalence of sedentary time during waking hours was 61% (~9 hours) in a group 
of Australian young adults aged 22 years. Similar results were reported by Felez-Nobrega et al. 
(2018) who observed that young adults aged 20 years spent ~66% of their waking day sedentary.  
Based on the findings presented, the adolescent and young adulthood years seem to be a 
period of increased risk for elevating the amount of time spent in SB. Given that sedentary time 
tracks moderately from childhood through to adulthood (Telama et al. 2014), future policy and 
research efforts that promote reductions in sedentary time should begin prior to and during the 
adolescent period. Before one can begin to intervene effectively, there is a need for good quality, 
valid, sensitive (i.e., to detect meaningful change), standardised and comparable measurement 
techniques. It is only when this is achieved that PA researchers can then begin to:  (i) design and 




impactful; and, (iii) conclude if there is sufficient evidence to recommend translation of the 
intervention approach to public health and policy personnel.  
6.4.2 Patterns of Physical Activity: LIPA and MVPA 
The findings of the present study highlight that as the age of the participants increased, the amount 
of time spent in MVPA increased and the amount of time in LIPA decreased. The child cohort 
participated in ~6 minutes of daily MVPA and 2.5 hours of LIPA. These findings for MVPA and 
LIPA are considerably lower than what is reported within the existing literature for this age group 
(Riddoch et al. 2007; Ruiz et al. 2011; Deng and Fredriksen 2018). An important point to consider 
is that the step-count threshold used within this study was developed within a laboratory setting 
with controlled conditions and so may not reflect free-living ambulatory behaviour. The step-count 
threshold used herein differs to the count-to-activity thresholds (used for the adolescent and young 
adult population) as it does not convey the precision of intensity. It was intended to be used as a 
guiding value to inform the accelerometer data processing and analysis techniques (Tudor-Locke 
et al. 2018). This may be one reason for the large differences observed for the levels of MVPA 
and subsequently LIPA between the child population and the other respective populations. With 
that, the present MVPA and LIPA findings pertaining to the child cohort should be viewed with 
caution. Thus, comparison across age cohorts should be viewed cautiously considering the 
protocol differences for the determination of MVPA and LIPA.  
The adolescent cohort within the present study achieved approximately 48 and 72 minutes 
of daily MVPA and LIPA respectively. The time spent in daily MVPA was not sufficient to meet 
the daily recommendations for MVPA. Placing these findings among the existing research is 
difficult, primarily due to the methods used to assess MVPA. The MVPA value presented is lower 
than that reported by Martínez-Gómez et al. (2009) who observed that adolescent male and females 
aged 14 years spent, ~ 85 minutes and ~ 62 minutes in MVPA and ~165 minutes and 174 minutes 
in LIPA respectively. Likewise, Mitchell et al. (2012b) assessed both MVPA and LIPA levels of 
participants in the Avon Longitudinal Study of Parents and Children and showed that the time 
spent in LIPA was higher than MVPA for boys and girls respectively. While the absolute levels of 
MVPA and LIPA from our research are relatively different from the current literature, the pattern 
of the activity behaviours align with the research i.e., adolescents appear to participate in more 




may be beneficially associated with indices for body composition and cardiometabolic health 
(Carson et al. 2013b; Dowd et al. 2014; Verswijveren et al. 2018) 
The average time spent in MVPA (54 minutes) and LIPA (60 minutes) by the young adult 
cohort in this study differed from the few other studies in young adults. Nelson and colleagues 
observed young adults spent approximately 72 minutes in MVPA and 354 minutes in LIPA using 
the ActiGraph device to assess activity behaviour (Nelson et al. 2019). Similarly, McVeigh et al. 
(2016) observed that Australian young adults aged 22 years spent ~ 36.2 minutes and ~312 minutes 
of their waking day in MVPA and LIPA respectively. Comparison of our findings on MVPA and 
LIPA with existing research is difficult. There appears to be a large discrepancy in the outcomes 
obtained by accelerometer data both within specific age groups and across age groups. The 
observed differences between our results and the results of previous studies may be due to a 
number of reasons. Firstly, as of yet there is no consensus on what cut-points are better to assess 
different PA intensities across the PA spectrum and across age groups (Bailey et al. 2013). 
Secondly, the inclinometer-based accelerometer used within the present study differentiates 
standing time from LIPA time therefore differing results are obtained when using the activPAL. 
Thirdly, different epoch-lengths are used in different studies. These issues coupled with the 
findings from present study highlight that standardisation of methods is urgently required.  
6.4.3 Patterns of Sedentary Time 
To the authors’ knowledge, this is the first time a gold-standard device has been used to describe 
SB levels and patterns of a combined sample of male and female children, adolescents and young 
adults. Age-group differences were observed for the time spent in short sedentary bouts (> 20 
minutes) and time spent in more prolonged bouts. For example, children and adolescents spent 
significantly more time in sedentary bouts < 20 minutes and significantly less time in sedentary 
bouts > 60 minutes compared to young adults. 
The data indicate that the child cohort predominantly accumulated more sedentary time in 
short bouts and less time in more prolonged sedentary bouts and this concurs with previous 
literature (Carson and Janssen 2011; Saunders et al. 2013). Coincidentally, Janssen et al. (2016) 
highlight that at 7, 9 and 12 years, participants of the Gateshead Millennium study accumulated 
more time per hour in short sedentary bouts and less time in more prolonged bouts > 30 minutes. 
In conflict to the findings of the present study, Colley et al. (2013) observed that bouts of at least 




old children especially during weekday evenings. The difference in the results may be explained 
by the fact that Colley and colleagues tolerated up to 20% of minutes above the sedentary threshold 
(100 counts per minute) within the bout periods thereby including a substantial amount of non-
sedentary time within the sedentary bouts. This highlights that the use of different measurement 
tools and analysis techniques makes comparison with existing literature difficult. Perhaps this 
toleration of substantial interruptions within sedentary bouts may also be an explanation for the 
lack of consistent evidence regarding the associations between SB patterns and indices of health 
in youth populations (Altenburg et al. 2015).  
When the adolescent data was examined separately, the findings showed that as the 
duration of the specific sedentary bout periods increased (bouts of 20-30, 30-40, 40-60 and > 60 
minutes), the adolescent participants accumulated more time within those specific bout periods. 
These findings are in line with cross-sectional findings of the UK based Avon Longitudinal Study 
of Parents and Children where Mitchell et al. (2012b) observed that as participants aged from 12-
14-16 years, they accumulated more time in more prolonged sedentary bouts lasting 10-19 
minutes, 20-29 minutes and ≥ 30 minutes. The present findings are also in line with the findings 
reported by Dowd and colleagues who used similar standardized methods and analysis techniques 
as the present study. They observed that as the duration of the sedentary bout period increased, 
adolescents spent more time within the more prolonged sedentary bouts (Dowd et al. 2012a). 
Similar findings were also reported by Contardo Ayala et al. (2019) when investigating the 
longitudinal changes in activPAL measured sitting time in a large group of adolescents from 14-
16 years. As the participants aged, they amount of time spent in sedentary bouts > 20 minutes 
increased significantly over the 2-year follow-up period.  
The change in sedentary bout accumulation across the age groups is in line with previous 
accelerometer-related research (Verswijveren et al. 2018; Contardo Ayala et al. 2019). 
Longitudinal evidence suggests that objectively measured sedentary time increases by 
approximately 23-30 minutes/year (Treuth et al. 2009; Carson et al. 2013; Hjorth et al. 2014; 
Janssen et al. 2016; Pearson et al. 2017) and sedentary bouts become longer and less interrupted 
between childhood and adolescence (Tanaka et al. 2014; Mooses et al. 2017; Skrede et al. 2017). 
For young adults, there is a dearth of research examining objectively measured sedentary bouts 
and patterns. This is alarming given that sedentary time may track moderately from childhood to 




the age-related differences in sedentary time have only examined changes in the total volume of 
sedentary time without considering changes in the patterns of accumulation (Healy et al. 2011b; 
Dunstan et al. 2012b). While prolonged sedentary time has been linked with adverse health 
outcomes (Powell et al. 2018), and frequent interruptions/breaks to prolonged sedentary time have 
been associated with health benefits in adults (Healy et al. 2008a), the evidence in young 
populations is less well established. It is only when more methodologically sound research 
practices are implemented that we can begin to ascertain the manner in which SB patterns affects 
health among young people.  
6.5 Strengths and Limitations 
A key contribution of this study is the objective measurement of PA and sedentary time coupled 
with the examination of SB patterns across the total measured week. Notable is that the present 
data was recorded in 15 second intervals, in accordance with consensus recommendations for 
youth populations (Tremblay et al. 2017). A key strength is the unique examination and description 
of different sedentary bout durations ranging from > 20 minutes to < 60 minutes. 
This chapter adds to the information available on the analysis of the output of the activPAL 
3 micro device. It provides a detailed description of the methodology used to determine and 
examine LIPA and MVPA using a cadence threshold and free-living count-to-activity thresholds. 
The use of previously developed standardized methodologies for examining inclinometer-based 
activity behaviour (Harrington et al. 2011a; Dowd et al. 2012a; Dowd et al. 2012b) across three 
different populations adds to the literature and should encourage and enable the comparison of 
findings across different research studies. It is hoped that the detailed study design presented herein 
will provide researchers with the ability to measure, examine and collate information on directly 
measured sedentary levels and patterns, which may facilitate in the identification of statistically 
stronger associations between SB and indices of cardiometabolic health. 
Although this study has many strengths, there are many limitations that must be 
acknowledged. The generalisability of the findings to other research is challenging for a number 
of reasons. Firstly, the participants included in the present analysis were recruited using 
convenience sampling strategies from two geographic locations in Germany and Ireland and thus 
may not be as applicable to other countries. Secondly, the convenience sampling methods relied 
heavily on access to school/university study participants, which means that the sample is weighted 




sampling is standard practice, there is emerging evidence that the convenience comes at the cost 
of bias in the data. Therefore, the issue is that as structured school days are inherently different to 
unstructured non-school days, fully representative sampling of how participants spent their time 
should possibly include school/ days, non-school days and weekend days, therefore the type of 
sampling used herein may not be representative of true habitual PA behaviour in these populations 
(Migueles et al. 2017). Thirdly, the number of participants included within each of the respective 
age groups was unequal and biased through the inclusion of a higher number of female participants. 
There is no definitive consensus regarding the best count-to-activity threshold for MVPA and 
LIPA within these populations. The present analysis used a population specific free-living count-
to-activity threshold specifically developed and validated for the activPAL 3 micro device, which 
showed high agreement with the Cosmed metabolic unit. While the use of count-to-activity 
thresholds, although not ideal, is a widely used and easy way to quantify activity behaviour, 
machine-learning methods for analysing has potential to be a more effective approach to 
distinguish between different PA intensities. However, the methods are complex and require 
further research for free-living activity behaviour. 
6.6 Conclusion 
The purpose of the present chapter was to objectively measure, examine and describe differences 
in the levels and patterns of objectively measured free-living habitual activity across a cohort of 
children, adolescents and young adults. Across the different age groups, notable increases in 
waking sedentary time were observed, time spent in prolonged bouts of SB increased and this was 
mirrored by a decrease in the amount of time spent in short sedentary bouts. Time spent in MVPA 
increased and time spent in LIPA decreased. This is the first study to use gold-standard 
measurement methodologies to accurately quantify and compare the full range of activity 
behaviours (sedentary, standing, LIPA and MVPA) on the PA intensity continuum across different 
age groups. The findings presented show that the adolescent and young adult cohort were 
particularly sedentary. Based on this, future policy and research efforts to promote SB reductions 
in these populations perhaps should begin prior to the adolescent period given that SB is thought 
to track moderately from adolescence through young adulthood. The findings highlight that before 
policy makers can begin to intervene effectively, there is a need for valid, reliable, standardised 
and comparable measurement techniques. It is only when this is achieved that future research can 




there is sufficient evidence to recommend translation of the intervention approach to public health 
and policy personnel. The approach to outcome variable calculation and data interpretation used 
within this study can be employed for the examination of inclinometer-based accelerometer output. 
To advance the novel findings presented in this chapter, more data and research using similar 
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Globally, the increasing prevalence of obesity rates, cardiometabolic-risk factors, excessive sitting 
time, and low levels of MVPA are key contributors to the development of poor health status in any 
given population. It is hypothesized that substantial changes to activity behaviours during 
childhood, adolescence and young adulthood may have important implications for long-term 
health (Telama et al. 2014). For example, low levels of PA and high volumes of SB during youth 
may be negatively associated with risk factors for cardiometabolic health later in life (Hallal et al. 
2006; Lee et al. 2012; McVeigh et al. 2016). The degree to which the levels of PA, SB and SB 
patterns change throughout different youth stages is poorly researched but critical to inform the 
development of interventions aimed to modify a populations’ activity behaviour (Hayes et al. 
2019).  
According to international guidelines, youth and adults should accumulate 60 and 30 
minutes of daily MVPA respectively (Bull et al. 2020; Piercy et al. 2018), while youth and adults 
should not engage in screen-based activities for more than 2 hours per day during leisure-time 
(Tremblay et al. 2011a; Fakhouri et al. 2013; Colley et al. 2017). However, SB is not only limited 
to the leisure domain (Salmon et al. 2011). A large amount of sedentary time during weekdays 
occurs during school-hours, as students are required to sit in class for prolonged periods with little 
to no activity breaks (Bailey et al. 2012). Recently, the US, UK and Australia have updated their 
PA guidelines to include key messages that encourage youth and adults to minimize the amount 
of time spent in prolonged sitting and to break up long periods of sitting as often as possible (US 
Department of Health and Human Services 2018; Department of Health and Social Care 2019; 
Australian Government, Department of Health 2019). Despite this, there remains no guidelines for 
SB, as there is insufficient literature to recommend a specific health target for: (i) total sedentary 
time; or, (ii) how many times one should break/interrupt their sedentary time with PA (Piercy et 
al. 2018). The development of such information should be guided by the accurate, device-based, 
reliable and valid measurement of SB (Harrington et al. 2011a). 
To date, studies using monitors to provide postural and PA data based on the incline of the 
thigh are typically small, are limited too specific age cohorts and typically only include single-sex 
populations (Harrington et al. 2011a; Dowd et al. 2012a; Dowd et al. 2014; Hughes et al. 2016; 
Arundell et al. 2019). Within specific age groups (i.e., children, adolescents or young adults), there 




differences cannot be determined through single-sex sample studies. Much of the existing literature 
has also not considered the context (i.e. school hours versus out-of-school hours) or the variation 
in PA, SB and SB patterns between weekdays and weekends (Verloigne et al. 2017). More 
specifically, the time spent sedentary, the extent to which sedentary time is fractionated, and how 
the fractionation of sedentary time changes during childhood, adolescence and young adulthood is 
poorly understood. Having knowledge of this information is important, as emerging evidence 
shows that the manner or pattern in which SB is accumulated may also affect health (Verswijveren 
et al. 2018). In addition, how these behaviours differ or interact with LIPA and MVPA is unknown 
and warrants investigation. Such investigations will provide valuable information for researchers 
and will determine what periods of the day are prone to, or resistant to certain activity behaviours, 
which populations require intervention and what environments should be targeted (i.e., the home 
setting or school setting) (Janssen et al. 2016).  
The previous chapter of this thesis examined the age-related differences in sitting/lying 
time, standing time, LIPA and MVPA within groups of European male and female children, 
adolescents and young adults. Using the same participant data, the primary purpose of the present 
chapter is to extend the analysis methods used in Chapter Six and to examine and compare how 
the child, adolescent and young adult cohorts fractionalised their activity behaviours during: (i) 
weekdays and weekends; and, (ii) school/university hours and out-of-school/university hours. A 
secondary purpose is to examine and highlight any sex differences in PA, SB and SB patterns 
during weekdays and weekend days and during school/university hours and out-of-
school/university hours. This study adds to the literature by providing novel information describing 
activity behaviours throughout the week and weekend including various time periods i.e., during 
and outside of school/university across three age cohorts (and between sexes). The information 
presented has potential to better inform the development of interventions for youth and young adult 
populations.  
The layout of the following chapter differs to a traditional scientific journal style article or 
chapter. First, a full methodological description of how the data was analysed is presented. Second, 
a detailed description of the weekday versus weekend PA and SB data is presented for each cohort 
and then discussed across the different age groups. Third, the school/university versus out-of-
school/university PA and SB data is presented for each cohort and discussed across the different 




conclusions are presented. Similar to Chapter 6, owing to the cross-sectional nature of the study 
design, coupled with the differing sample sizes and sampling methods used, this study is 
exploratory. It adds value through highlighting empirical ways of testing the methodological 
approaches developed in Chapter 5. 
7.2 Methods  
7.2.1 Sample and Recruitment  
Participant data were obtained through a cohort of Irish and German children, adolescents and 
young adults enrolled within two cross-sectional cohort studies; the Determinants of Diet and 
Physical Activity (DEDIPAC) European Knowledge Hub and/or the Student Activity and Sport 
Study Ireland (SASSI). The study sampling and recruitment procedures for this chapter have been 
described in detail previously (see Chapter Six). 
7.2.2 Measurement of Habitual Activity Behaviour 
All included participants were instructed to wear the activPAL 3 micro for 24 hours a day on nine 
consecutive days (PAL Technologies, Glasgow, Scotland). A detailed description of the activPAL 
device characteristics, wear protocol, data cleaning and data processing methods used in the 
present study is provided in Chapter Five.  
7.2.2.1 Processing and Examination of Activity Behaviour during Specific Time Periods 
The participating schools within this study had varied start and end times. For the child and 
adolescent cohorts, school start and finish times were reported in a parent or an adolescent survey 
respectively. For participants of the Young Adult Cohort, time specific patterns of activity 
behaviour were examined between the hours of 09:00:00 - 18:00:00 to examine activity behaviours 
during the university day. This time-segment definition was used as it is the official time that 
students are required to have lectures and classes within the university. When completing the 
activPAL analysis, the reported daily school times were processed separately for each individual. 
As previously mentioned, non-wear time was reported across the whole day. To account for non-
wear time during specific time-periods (i.e. during school/university hours and non-
school/university hours), the reported non-wear time detected from the device output and the 
activPAL non-wear diary were examined to see when the non-wear time occurred. Non-wear time 
for the school/university hours was removed from the total school/university hours and the 
school/university activity variables were adjusted accordingly. A similar non-wear protocol was 




7.2.2.2 Analysis of Activity Behaviour 
Customised Microsoft Excel macros were created which enabled the examination of activity 
behaviours within the specified school/university hour’s schedule. For example, using the 
customised macro, the number of seconds that the participant spent sitting/lying and standing were 
summed and averaged from the epoch file to calculate the mean time spent sitting/lying and 
standing for the duration of the reported school/university hours. Activity behaviours outside of 
school/university hours were calculated as [waking day activity behaviour - activity behaviour 
during school/university hours]. 
To examine patterns of SB during school/university hours, data from these time periods 
were obtained from the MATLAB generated Excel file. This data was then exported to a sedentary 
analysis macro which enabled both the total number of sedentary bouts and the time accumulated 
in bouts (across the following categories; < 20 minutes, 20-30 minutes, 30-40 minutes, 40-60 
minutes and > 60 minutes) for the specified school/university hours. SB patterns outside of 
school/university hours were calculated as [waking day sedentary variables – sedentary variables 
during school/university hours]. 
7.2.2.3 Standardised Time 
To account for school/university day variability, each activity behaviour was expressed as a 
percentage of the time spent in school/university. To standardise and compare activity behaviour 
during school/university hours, the percentage of the school/university day spent in each activity 
behaviour (sitting/lying, standing, LIPA and MVPA) was calculated as the total minutes of that 
daily activity behaviour in school, divided by the total time spent in school multiplied by 100. The 
percentage of the total time spent in each sedentary bout category was calculated as the total 
accumulated minutes in each bout category during school/university, divided by the time spent in 
school/university (in minutes) multiplied by 100. Similar standardisation methods were applied 
for non-school and non-university hours. This method has been previously used and deemed 
appropriate as it enables standard timings to be applied across participants and enables the 
comparison of PA and SB during school/university and out-of-school/university (Arundell et al., 
2019). 
7.7.3 Statistical Analysis 
Independent t-tests were used to examine if there were differences in the levels of sitting/lying 




participants. The analysis revealed that there was a location effect for LIPA and MVPA for the 
child and adolescent cohorts respectively. For this reason, the data could not be pooled to examine 
the fractioning of activity behaviours (weekday versus weekends, school/university hours versus 
out-of-school hours) and thus, the data within this chapter is presented separately for each country.  
Descriptive statistics for the study sample were calculated and presented as means ± 
standard deviations (Mean (SD)), medians and interquartile range (Median (IQR)) separately for 
each cohort and each country. All outcome variables were tested to meet the assumptions for 
normal distribution using the Shapiro-Wilks test of normality. In the case of data that did not 
demonstrate a normal distribution, the parametric conclusion was confirmed using non-parametric 
equivalent tests. For ease of interpretation, the parametric result is reported within. In the case 
where the parametric test did not confirm the non-parametric result, the non-parametric test 
statistic is reported.  
Paired samples t-tests and Wilcoxon Signed ranks tests were used to compare the amount 
of time spent in activity behaviours (for example, sitting/lying time, standing time, LIPA, MVPA 
and time accumulated in sedentary bouts) during the weekday versus the weekend and during 
school/university hours versus out-of-school/university hours for all participants and for males and 
females separately. Independent samples t-tests and Mann-Whitney U tests were used to compare 
the amount of time spent in each activity behaviour for weekdays, weekend days, during 
school/university hours and out-of-school/university hours between males and females. To reduce 
the likelihood of Type I error, a Bonferroni correction was applied to the data. The corrected alpha 
level was calculated as: (αoriginal = 0.05/ the number of comparisons (12): (αaltered = .05/12 = .004)). 
To determine if any of the 12 outcome variables were statistically significant, the corrected 
statistical significance p-value was set at p < .004. All statistical analyses were completed using 
PASW Version 25.0 for windows (SPSS Inc, Chicago, IL, USA).  
7.3 Results Section One  
7.3.1 Descriptive Information 
A convenience sample of 244 children and adolescents recruited through three research centres in 
Germany and Ireland and, a stratified sample of 116 young adults recruited through one research 
centre in Ireland participated in this study. When activPAL accelerometer data was examined for 
the number of valid days recording, a total of 50 participants were excluded from the child and 




Reasons for excluding participants were as follows: (i) less than 4 days of valid accelerometer data 
was recorded (N = 39); (ii) at least 1 weekend day was not included (N = 30); (iii) the device was 
removed during school/university hours (N = 10); or, (iv) the device malfunctioned (N = 4). Data 
from 194 children and adolescents (45% boys) and data from 83 young adults (43% males) were 
therefore included in the final analysis and presented in this chapter. The mean age ± standard 
deviation (Mean (SD)) of the included participants are presented in Table 7.1.  
Table 7.1. Participant characteristics for the total, male and female populations (Mean (SD)). 
  



































































7.3.2 Comparison of Activity Behaviour during Weekdays and Weekends 
7.3.2.1 German Child Cohort 
On average, participants spent significantly more time awake, spent significantly more time 
standing (p < 0.001) and achieved significantly more LIPA (p < 0.001) during weekdays than on 
weekend days (Table 7.2.). Participants accumulated significantly more waking sedentary time on 
weekends compared to weekdays (p = 0.001). Males engaged in more LIPA during the weekdays 
compared to females (t (44) = 3.763, p = 0.000), while no other differences were observed between 
sexes for any of the remaining activity behaviours. 
7.3.2.2 Irish Child Cohort 
In the Irish Child cohort, no significant difference was observed when weekday and weekend days 
were compared (p > 0.004) (Table 7.3.). Independent-samples t-tests with Bonferroni adjustment 
(adjusted p-value, p < 0.004) determined that there were no significant sex differences observed 




Table 7.2. German Child Cohort: Descriptive statistics for levels of physical activity and sedentary behaviour compared between 
weekday and weekend day for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either weekday or weekend day only.
 Total Sample (N = 46) Male (N = 24) Female (N = 22) 












































































































































































































































Table 7.3. Irish Child Cohort: Descriptive statistics for levels of physical activity and sedentary behaviour compared between weekday 
and weekend day for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either weekday or weekend day only.
 Total Sample (N = 18) Male (N = 12) Female (N = 6) 









































































































































































































































7.3.3 Comparison of Sedentary Behaviour Patterns during Weekdays and Weekends 
7.3.3.1 German Child Cohort  
The total time spent in sedentary bouts and the time spent in sedentary bouts of specific durations 
were compared across the weekdays and weekend days (Table 7.4.). Participants accumulated 
significantly more sedentary time on weekend days compared to weekdays (p < 0.001). The 
German Child Cohort spent significantly more time in sedentary bouts of < 20 minutes on 
weekdays compared to weekend days (p < 0.001). No significant differences (p = 0.030) occurred 
when the time spent in sedentary bouts lasting between 20-30 minutes was compared between 
weekdays and the weekend (Table 7.4.). Participants spent significantly more time in sedentary 
bouts of 30-40 minutes (p = 0.003), 40-60 minutes (p = 0.003) and > 60 minutes (p < 0.001) during 
the weekends compared to weekdays. There were no significant sex differences observed within 
the German Child Cohort for any of specific sedentary bout durations for either weekday or 
weekend days. 
7.3.3.2 Irish Child Cohort 
The pattern of how the participants of the Irish Child Cohort accumulated their sedentary bouts is 
like that of the German Child Cohort. The Irish Child Cohort accumulated significantly more time 
(p = 0.001) in sedentary bouts that were less than 20 minutes in duration on weekdays compared 
to weekend days (Table 7.5.). No significant differences were observed between week- and 
weekend-days for: (i) the total time spent in sedentary bouts (p = 0.871); and, (ii) time spent in 
sedentary bouts lasting 20-30 minutes (p = 0.247), 30-40 minutes (p = 0.118), 40-60 minutes (p = 
0.007) and >60 minutes in duration (p = 0.297). There were also no significant differences 
observed between males and females within the Irish Child Cohort for any of the sedentary bout 




Table 7.4. German Child Cohort: Descriptive statistics for sedentary bouts of specific durations compared between weekday and 
weekend day for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either weekday or weekend day only.
 Total Sample (N = 46) Male (N = 24) Female (N = 22) 
Time Spent in 
Sedentary Bouts 


























































































































































Table 7.5. Irish Child Cohort: Descriptive statistics for sedentary bouts of specific durations compared between weekday and weekend 
day for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either weekday or weekend day only.
 Total Sample (N = 18) Male (N = 12) Female (N = 6) 































































































































































7.3.4 Comparison of Activity Behaviour during Weekdays and Weekends 
7.3.4.1 German Adolescent Cohort 
Participants of the German Adolescent Cohort spent significantly more time awake during 
weekdays compared to weekends (p < 0.001) (Table 7.6.). The average bed hours were 8.16 hours 
(± 0.83) on weekdays and 10.10 hours (± 1.55) during weekends. The participants spent 
significantly more of their waking day being sedentary during weekdays compared to weekends 
(Wilcoxan Signed Ranks; p < 0.001). Participants of the German Adolescent Cohort accumulated 
significantly more steps (p < 0.001), spent significantly more time standing (p < 0.001), 
significantly more time engaged in LIPA (p < 0.001) and in MVPA (p < 0.001) during weekdays 
compared to weekends (Table 7.6.).         
 The female participants of the German Adolescent Cohort achieved significantly more 
standing time compared to males during weekdays (Mean Difference (MD) = 1.37 hours; 95% 
Confidence Interval (95% CI), 0.56 to 2.18), t (99) = 3.363, p = 0.001). No significant sex 
differences were observed within the German Adolescent Cohort for any of the remaining outcome 
measures during weekdays. During weekend days, the male participants of the German Adolescent 
Cohort achieved significantly more sedentary waking time (MD = 1.37 hours; 95% CI, 0.56 to 
2.18, t (99) = 3.363, p = 0.001) and significantly less standing time (MD = 0.78 hours; 95% CI, 
0.35 to 1.19, t (99) = 3.645, p < 0.001) compared to females. No significant sex differences were 
observed for the remaining outcome measures during weekends. 
7.3.4.2 Irish Adolescent Cohort 
Participants of the Irish Adolescent Cohort spent significantly more time awake during weekdays 
compared to the weekends (p < 0.001) (Table 7.7.). The average weekday bed hours were 8.76 
hours (± 0.85) and the average weekend bed hours were 10.25 hours (± 1.07). The weekday versus 
weekend trends for total sedentary waking time, standing time, LIPA and MVPA for the Irish 
Adolescent Cohort closely replicated those reported for the German Adolescent Cohort. The 
participants of the Irish Adolescent Cohort accumulated more sedentary time during waking hours 
on the weekdays compared to weekends (p = 0.039). In addition, they spent significantly more 
time standing (p = 0.001), spent a similar amount of time engaged in LIPA (p = 0.358) and MVPA 
(p = 0.218) during weekdays compared to weekends (Table 7.7.). No significant sex differences 




Table 7.6. German Adolescent Cohort: Descriptive statistics for levels of physical activity and sedentary behaviour compared between 
weekday and weekend day for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either weekday or weekend day only.
 Total Sample (N = 101) Male (N = 38) Female (N = 63) 









































































































































































































































Table 7.7. Irish Adolescent Cohort: Descriptive statistics for levels of physical activity and sedentary behaviour compared between 
weekday and weekend day for the total sample and by sex (Mean (SD); Median (IQR)). 
 Total Sample (N = 29) Male (N = 13) Female (N = 16) 






































































































































































































































* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 




7.3.5 Sedentary Behaviour Patterns during Weekdays and Weekends 
7.3.5.1 German Adolescent Cohort 
Participants of the German Adolescent Cohort accumulated significantly more total sedentary time 
during weekdays compared to weekends (p < 0.001) (Table 7.8.). Participants spent significantly 
more time in sedentary bouts of < 20 minutes (p < 0.001), sedentary bouts of 30-40 minutes 
(Wilcoxon Signed Ranks; p = 0.003) and 40-60 minutes (p = 0.003) during weekdays compared to 
weekends. When the time spent in sedentary bouts > 60 minutes was examined, the participants of 
the German Adolescent Cohort spent significantly more time in this bout period during weekends 
compared to weekdays (p < 0.001).         
 Male participants accumulated significantly more time sedentary compared to females 
during weekdays (MD = 52.68 minutes; 95% CI, 20.65 to 84.70, t (99) = 3.264, p = 0.001). No 
significant sex differences were observed for any of the specific sedentary bout durations during 
weekdays. When compared with the female participants, the male participants accumulated 
significantly more sedentary time on weekends (MD = 70.53 minutes; 95% CI, 28.50 to 112.56, t 
(99) = 4.187, p = 0.001). Additionally, male participants accumulated significantly more time in 
sedentary bouts of 40-60 minutes in duration during weekends compared to the female participants 
(Mean difference = 35.74 minutes; 95% CI, 18.80 to 52.67, t (99) = 4.187, p < 0.001). No 
additional sex differences were observed within the German Adolescent Cohort for any of the 
remaining sedentary bout durations on weekend days. 
7.3.5.2 Irish Adolescent Cohort 
Participants spent significantly more time in sedentary bouts of 30-40 minutes (p < 0.001) on 
weekdays compared to weekend days (Table 7.9.). They also accumulated significantly more time 
in sedentary bouts lasting 40-60 minutes and > 60 minutes during weekends compared to weekdays 
(p < 0.001). No significant sex differences were observed within the Irish Adolescent Cohort for 




Table 7.8. German Adolescent Cohort: Descriptive statistics for sedentary bouts of specific durations compared between weekday and 
weekend day for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either weekday or weekend day only. 
 Total Sample (N = 101) Male (N = 38) Female (N = 63) 































































































































































Table 7.9. Irish Adolescent Cohort: Descriptive statistics for sedentary bouts of specific durations compared between weekday and 
weekend day for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either weekday or weekend day only.
 Total Sample (N = 29) Male (N = 13) Female (N = 16) 































































































































































7.3.6 Comparison of Activity Behaviour during Weekdays and Weekends 
7.3.6.1 Young Adult Cohort 
Participants of the Young Adult Cohort spent significantly more time awake during weekdays 
compared to the weekends (p < 0.001) (Table 7.10.). The average weekday bed hours were 8.39 
hours (± 1.05) and weekend bed hours were 9.42 hours (± 1.76). Participants accumulated 
significantly more sedentary time during waking hours on the weekdays compared to weekends (p 
= 0.001). The participants spent a similar amount of time standing (p = 0.768) on both weekdays 
and weekend days. The participants of the Young Adult Cohort accumulated significantly more 
steps (p < 0.001) and, spent significantly more time in MVPA (p < 0.001) during weekdays 
compared to weekends respectively (Table 7.10.). Independent-samples t-tests with Bonferroni 
adjustment (p < 0.004) determined sex differences for time spent in LIPA during weekdays only. 
Male participants achieved significantly more LIPA compared to females (MD = 0.22 hours; 95% 
CI, 0.08 to 0.36, t (81) = 3.041, p = 0.003). No other significant sex differences were observed 
within the Young Adult Cohort for any of the remaining weekday or weekend day outcome 
measures.  
7.3.7 Sedentary Behaviour Patterns during Weekdays and Weekends 
7.3.7.1 Young Adult Cohort 
The young adult cohort accumulated significantly more time in sedentary bouts lasting 40-60 
minutes during weekdays compared to weekend days only (p < 0.001). No other significant sex 
differences were observed within the Young Adult Cohort for any of the remaining outcome 
measures. Additionally, no significant sex differences were observed within the Young Adult 





Table 7.10. Young Adult Cohort: Descriptive statistics for levels of physical activity and sedentary behaviour compared between 
weekday and weekend day for the total sample and by sex (Mean (SD); Median (IQR)). 
 Total Sample (N = 83) Male (N = 36) Female (N = 47) 






































































































































































































































* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 




Table 7.11. Young Adult Cohort: Descriptive statistics for sedentary bouts of specific durations compared between weekday and 
weekend day for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either weekday or weekend day only.
 Total Sample (N = 83) Male (N = 36) Female (N = 47) 
































































































































































7.4.1 Patterns of Sedentary Time 
7.4.1.1 Child Cohorts 
To date, there is limited data available on objectively measured SB in 7 year olds, on how they 
accumulate their sedentary volume or how they may fractionate their sedentary time within 
individual days or over a measured week. This study is one of the first to provide robust estimates 
of both the levels and patterns of sedentary time compared between weekdays and weekend days 
in 7 year old children using the activPAL 3 micro. Generally, participants of the child cohorts 
accumulated higher amounts of waking sedentary time and spent more time in short sedentary 
bouts of < 20 minutes during weekdays compared to weekend days. The participants accumulated 
more total sedentary time and were sedentary in more prolonged continuous bouts (30-40 minutes, 
40-60 minutes and > 60 minutes) during weekends compared to weekdays. In contrast to our 
findings, Verloigne et al. (2017) observed that a group of 577 Belgian children (10-12 years) 
accumulated significantly fewer prolonged sedentary bouts during weekend days compared to 
weekdays. Moreover, Altenburg et al. (2015) found that 10-13 year-old children spent most of 
their sedentary time in short bouts, while bouts of ≥ 20 minutes were rare. However, the manner 
in which children accrued their sedentary bouts over the weekday and weekend days was not 
assessed. Both of these studies assessed sedentary bouts using the ActiGraph accelerometer. 
Placing the findings of this study amongst the existing literature is difficult due to differences in 
samples, the age-ranges studied and the different monitors used to objectively assess sedentary 
time (Hughes et al. 2016).  
It is plausible that the higher rates of waking sedentary time observed during weekdays 
could be due to school and that school time may be a contributing factor to the participants sitting 
more during weekdays while weekends are spent in more free-play. It is clear that the day of the 
week influences the patterns of sitting time within this cohort of children (more prolonged bouts 
during weekends). During weekends, children may have more opportunities to engage in 
prolonged sedentary activities (i.e., travelling in cars, video games, watching TV, less evening 
activities). The current findings are useful for intervention development as they highlight key 
periods when strategies to promote breaking-up sitting time may be most needed. Developing 
healthy activity behaviours early in life can lead to more established habits during adolescence and 




accumulated by the participants in the present study and within the existing literature (Gabel et al. 
2016; Bailey et al. 2017; Verloigne et al. 2017), early intervention is necessary. The findings 
suggest that interventions aiming to reduce the total volume of waking sedentary time within this 
age-group should consider focusing on the weekdays and interventions aiming to reduce the time 
spent in sustained periods of sedentary time should consider focusing on weekends. 
7.4.1.2 Adolescent Cohorts 
The evidence base examining differences in weekday and weekend day SB in adolescent 
populations is inconsistent, with some studies reporting similar levels of weekday and weekend 
day sedentary time (Jago et al. 2005; Harrington et al. 2011a) and others revealing distinct 
differences (Treuth et al. 2007; Carson et al. 2013). The data presented within this study indicates 
that both adolescent cohorts accumulated greater amounts of waking sedentary time and time in 
sedentary bouts of < 20 minutes, 30-40 minutes and 40-60 minutes (German cohort only) during 
weekdays. Significantly, more time was spent in sedentary bouts of > 60 minutes during weekend 
days. As adolescents participate in high levels of volitional sedentary activities, one may assume 
them to be more sedentary during their leisure-time (i.e. during weekend days or during out-of-
school hours) (Arundell et al. 2019). The higher levels of prolonged sedentary bouts observed 
during weekends may be the result of adolescents using their unstructured weekend days to: (i) 
relax; (ii) engage in more screen-time pursuits; (iii) spend more time sedentary when socialising 
with friends; or, (v) for homework purposes. Moreover, as adolescents spend a large proportion of 
their weekdays in school, it is plausible that the school day itself encouraged breaking-up sitting 
bouts of more than one hour (participants are required to move from classroom to classroom or 
have active break periods), thereby limiting the time spent in prolonged sedentary bouts. Finally, 
the data within the present study was collected during September, March and April when evenings 
are longer and perhaps when more afterschool PA activities are readily available. Taken together, 
these are just some of the reasons that help to explain the differences in short and prolonged 
sedentary bout accumulation during weekdays and weekends respectively.   
The findings reported here are similar to those reported by three studies examining the 
levels and patterns of sedentary time among adolescent females. Treuth et al. (2007) observed that 
sedentary levels were higher by ~142 minutes per day on weekdays compared to weekend days in 
a group of 1603 adolescent females (bouts not analysed). Harrington and colleagues observed no 




among a cross-section of 111 female Irish adolescents. They observed that adolescent participants 
accumulated more time in prolonged bouts of sedentary time (≥ 20 minutes) during weekdays 
compared to weekends (Harrington et al. 2011a). Similarly, Carson and colleagues examined the 
time spent in sedentary bouts of at least 10, 20 and 30 minutes across weekdays and weekends in 
a group of 655 adolescent females over a 2-year period. Both the levels and bouts of sedentary 
time were higher on weekdays compared to weekends at baseline and during follow-up (Carson et 
al. 2013). Given SB tracks moderately from adolescence through young adulthood (Hayes et al. 
2019), the findings of the present study highlight that reducing prolonged bouts of sedentary time 
within adolescents during weekdays is a key area for intervention.   
Previous literature has highlighted adolescent females as a potential target group for 
intervention (Harrington et al. 2011a; Dowd et al. 2012a; Carson et al. 2013b). The current study 
identified sex differences for the German Adolescent Cohort only, with females accumulating a 
less desirable sedentary profile on weekends compared to weekdays. Placing these findings within 
the existing evidence is difficult due to the scarcity of literature examining sex differences in 
sedentary pattern accumulation. The findings of this study do however conflict with those reported 
by Arundell et al. (2019), who observed that activPAL determined sitting patterns did not differ 
by sex on weekend days in a group of Australian adolescents. Explanations for the differences 
between the studies could be due to the populations studied and/or their geographical location. 
Caution should however be exercised when interpreting the present findings, as a greater number 
of females were present in the German adolescent cohort (63/101). Regardless of this, it is clear 
that additional studies are required to examine the weekday-weekend day differences in the levels 
and patterns of sedentary time among adolescents, and based on the current findings these studies 
should include sex as a potential effect modifier. 
7.4.1.3 Young Adult Cohort 
Young adulthood is gaining recognition as a critical life period for establishing independence and 
adopting lifestyle behaviours that may influence both physical and mental health (Ortega et al. 
2013b; McVeigh et al. 2016). A novel aspect of the present study is the inclusion and examination 
of free-living levels and bouts of sedentary time of a cross-section of young adults across weekdays 
and weekend days. To date, there is extremely limited research that examines weekday versus 
weekend day differences in device-based sedentary time within young adult populations. For this 




sedentary bout accumulation closely resembles what occurs within the adolescent cohorts. The 
Young Adult Cohort accumulated higher amounts of sedentary time during weekday waking hours 
and the time spent in sedentary bouts were similar across weekdays and weekends, except for 
sedentary bouts lasting between 40-60 minutes (Table 7.11.).  
The findings of the present study directly compare to the findings of Felez-Nobrega et al. 
(2018). While the aim of their study was to examine the influence of activPAL determined activity 
behaviour on academic achievement, inspection of the SB data highlighted that participants 
accumulated a higher proportion of sedentary waking time and accumulated a larger proportion of 
time in prolonged sedentary bouts during weekdays compared to weekends. Similarly, McVeigh 
et al. (2016) identified that in a group of Australian young adults aged 22.6 years, weekdays in 
particular were deemed as sedentary. University students may spend a considerable amount of 
their weekdays in environments (i.e., universities) that require prolonged periods of sitting, 
contributing to establish long-term SB patterns that may persist throughout adulthood. Given that 
prolonged sitting time is detrimental to cardiometabolic health outcomes in adulthood (Powell et 
al. 2018) and that the accurate measurement and examination of SB within young adult university 
students remains an under-investigated area (Felez-Nobrega et al. 2018). The findings presented 
suggest this is an area, which urgently requires further research attention. 
7.4.2 Patterns of Physical Activity 
The current results indicate that the mean time spent in daily MVPA appears lower than the 
recommended 60 minutes during both weekdays and weekends for the child and adolescent 
cohorts. Notably, most participants in the child, adolescent and young adult cohorts accumulated 
more time in MVPA during weekdays. Research identifies children, adolescents and young adults 
(to a lesser extent) as being more active on weekdays compared to weekends (Riddoch et al. 2007; 
Garriguet and Colley 2012; Collings et al. 2014; Belton et al. 2016; Felez-Nobrega et al. 2018). 
While global habitual participation in MVPA is well documented, little is known about the patterns 
of MVPA especially within child and young adult populations. Examination of MVPA patterns 
may have important implications for health promoting PA interventions. For example, Garriguet 
and Colley (2012) investigated patterns of MVPA and observed that lunchtime was the most active 
period for young children while MVPA peaked during the afternoon-evening time (3 to 5 pm) for 
the adolescents and young adults. Similarly, research by Belton et al. (2016), Trost et al. (2000), 




their MVPA into distinct time periods during weekdays and weekends. While the current study 
has highlighted that the child, adolescent and young adult cohorts accumulated more time in 
MVPA during weekdays compared to weekends, the present analysis was at the macro level of 
weekday versus weekend days, and thus did not delve deeper into the data. To successfully 
incorporate MVPA into daily routines, there is a need to better understand when young people can 
and do participate in MVPA across the measured week.  
Over the years, there has been an increased research and policy emphasis on MVPA and 
sedentary time however; few studies have utilised device-based monitoring tools to accurately 
examine the levels of free-living LIPA across the lifespan. The findings of the present study 
indicate that the child and adolescent cohorts accumulated more LIPA during weekdays. Sex 
differences during weekdays were apparent with male participants of the German Child Cohort 
and the Young Adult Cohort achieving significantly more LIPA compared to females. Placing the 
present findings among existing research is extremely difficult. This is primarily because previous 
studies have measured LIPA using accelerometers that are unable to detect differences between 
sitting and standing thereby causing classification errors (Contardo Ayala et al. 2020).  
To confirm these novel findings, there is a need for more objective and accurate 
information on the levels and patterns of LIPA using standardised methods with more 
representative samples. Such information will be of paramount importance given that the health-
related outcomes of LIPA are beginning to be established (Carson et al. 2013b; Dowd et al. 2014; 
Verswijveren et al. 2018). To date, the evidence in children suggests that LIPA is beneficially 
associated with blood glucose, and markers of adiposity (Verswijveren et al. 2018). In adolescents 
and young adults, the evidence remains relatively unclear but some studies have reported positive 
associations with markers of cardiometabolic health (Carson et al. 2013b; Poitras et al. 2016; 
Verswijveren et al. 2018). Based on the evidence presented, future research should examine the 
potential impact of strategies that focus on reducing sedentary time through increasing LIPA to 
determine whether this approach can: (i) have a clinically meaningful impact on health markers in 





7.5 Results Section Two 
7.5.1 Activity Behaviour during School and Out-of-School Hours 
7.5.1.1 German Child Cohort 
The participants of the German Child Cohort spent significantly more of their waking day at school 
(52%) compared to out-of-school (p < 0.001). The proportion of time spent sedentary (p < 0.001) 
and the time spent in MVPA (p < 0.001) was significantly greater during out-of-school hours 
versus school hours. The proportion of time spent standing (p = 0.029), in LIPA (p < 0.001) and 
steps accumulated (p < 0.001) was greater during school hours compared to out-of-school hours 
(Table 7.12.). There were no significant sex differences within school hours or out-of-school hours 
for any of the included outcome variables.  
7.5.1.2 Irish Child Cohort 
The participants of the Irish Child Cohort spent significantly less hours of their waking day at 
school (41%) compared to out-of-school (p < 0.001). There were no significant sex differences 
observed within school hours or out-of-school hours for any of the included outcome variables (p 




Table 7.12. German Child Cohort: Descriptive statistics for the proportion of time spent in activity behaviours compared between school 
hours and out-of-school hours for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between school hours or out-of-school hours, ¥ significant differences 
(Bonferroni adjusted p<0.004) between males and females for either school hours or out-of-school hours only.
 Total Sample (N = 46) Male (N = 24) Female (N = 22) 

























































































































































































































Table 7.13. Irish Child Cohort: Descriptive statistics for the proportion of time spent in activity behaviours compared between school 
hours and out-of-school hours for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between school hours or out-of-school hours, ¥ significant differences 
(Bonferroni adjusted p<0.004) between males and females for either school hours or out-of-school hours only. 
 Total Sample (N = 18) Male (N = 12) Female (N = 6) 

























































































































































































































7.5.2 Sedentary Behaviour Patterns during School and Out-of-School Hours 
7.5.2.1 German Child Cohort 
The German Child Cohort participants spent a greater proportion of their school hours in sedentary 
bouts that were shorter in duration and accumulated a higher proportion of prolonged sedentary 
bouts during out-of-school hours (Table 7.14.). Participants spent a significantly greater proportion 
of their time in sedentary bouts during out-of-school hours compared to school hours (p < 0.001). 
Additionally, the proportion of time spent in sedentary bouts of 20-30 minutes (p < 0.001), 30-40 
minutes (p < 0.001), 40-60 minutes (p < 0.001) and > 60 minutes (p < 0.001) was significantly 
higher out-of-school hours compared to during school hours. The proportion of time spent in 
sedentary bouts < 20 minutes was significantly greater during school hours compared to out-of-
school hours (p < 0.001). No significant differences were observed between males and females for 
the proportion of time spent in sedentary bouts of specific durations for either school-hours or out-
of-school hours (p > 0.004).  
7.5.2.2 Irish Child Cohort 
Participants of the Irish Child Cohort spent a greater proportion of their school hours in sedentary 
bouts that were shorter in duration while they accumulated more prolonged sedentary bouts during 
out-of-school hours (Table 7.15.). The Irish Child Cohort participants spent a similar proportion 
of their time in sedentary bouts during out-of-school hours were compared to school hours (p = 
0.151). The participants spent a significantly greater proportion of school hours in sedentary bouts 
< 20 minutes compared to out-of-school hours (p < 0.001). The participants spent a significantly 
greater proportion of their out-of-school hours in sedentary bouts of 40-60 minutes (p = 0.001). 
No significant sex differences were observed for the proportion of time spent in sedentary bouts 




Table 7.14. German Child Cohort: Descriptive statistics for the proportion of time spent in sedentary bouts of specific durations 
compared during school hours and out-of-school hours for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either school hours or out-of-school hours only.  
 Total Sample (N = 46) Male (N = 24) Female (N = 22) 































































































































































Proportion of Time Spent 




























Table 7.15. Irish Child Cohort: Descriptive statistics for the proportion of time spent in sedentary bouts of specific durations compared 
during school hours and out-of-school hours for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between weekdays and weekend days, ¥ significant differences (Bonferroni 
adjusted p<0.004) between males and females for either school hours or out-of-school hours only.  
 Total Sample (N = 18) Male (N = 12) Female (N = 6) 
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7.5.3. Activity Behaviour during School and Out-of-School Hours 
7.5.3.1 German Adolescent Cohort 
The participants of the German Adolescent Cohort spent 39% of their waking day at school (p < 
0.001). The proportion of time spent sedentary was significantly greater during school hours 
compared to out-of-school hours (p < 0.001). The proportion of time spent standing (p = 0.001), 
in LIPA (p < 0.001), and MVPA (p < 0.001) was significantly greater during out-of-school hours 
compared to during school hours. In addition, significantly more steps (p < 0.001) were 
accumulated during out-of-school hours compared to school hours (Table 7.16.). 
For school hours, no significant sex differences were observed within the German 
Adolescent Cohort for any of the included outcome measures. Significant sex differences were 
observed for out-of-school hours. When compared with the female participants, male participants 
of the German Adolescent Cohort had a significantly higher proportion of sedentary time during 
out-of-school hours (MD = 5.57 %; 95% CI, 1.89 to 9.25, t (99) = 3.004, p = 0.003). Conversely, 
the female participants of the German Adolescent Cohort spent a significantly higher proportion 
of their out-of-school hours standing when compared to males (MD = 5.97 %; 95% CI, 3.45 to 
8.45, t (99) = 4.768, p < 0.001). No other significant sex differences were observed within the 
German Adolescent Cohort for any of the remaining outcome measures. 
7.5.3.2 Irish Adolescent Cohort  
Participants of the Irish Adolescent Cohort spent 44% of their waking day at school. There were 
no significant sex differences observed for any of the included outcome measures during school 





Table 7.16. German Adolescent Cohort: Descriptive statistics for the proportion of time spent in activity behaviours compared between 
school hours and out-of-school hours for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between school hours or out-of-school hours, ¥ significant differences 
(Bonferroni adjusted p<0.004) between males and females for either school hours or out-of-school hours only. 
 Total Sample (N = 101) Male (N = 38) Female (N = 63) 
























































































































































































































Table 7.17. Irish Adolescent Cohort: Descriptive statistics for the proportion of time spent in activity behaviours compared between 
school hours and out-of-school hours for the total sample and by sex (Mean (SD); Median (IQR)). 
 Total Sample (N = 29) Male (N = 13) Female (N = 16) 






















































































































































































































* Significant differences (Bonferroni adjustment; p<0.004) between school hours or out-of-school hours, ¥ significant differences 




7.5.4. Sedentary Behaviour Patterns during School Hours and Out-of-School Hours 
7.5.4.1 German Adolescent Cohort 
The German Adolescent Cohort spent a greater proportion of their school hours in prolonged 
sedentary bouts and spent a higher proportion of their out-of-school time in shorter sedentary bouts 
(Table 7.18.). Participants accumulated a significantly higher proportion of total sedentary time 
during school hours compared to out-of-school hours (p < 0.001). The proportion of time spent in 
sedentary bouts of 30-40 minutes (p < 0.001) and 40-60 minutes (p < 0.001) was significantly 
higher for school hours compared to out-of-school hours.  
The proportion of time spent in sedentary bouts of < 20 minutes during school was 
significantly higher for male participants compared to female participants (MD = 6.93%; 95% CI, 
3.01 to 10.86, t (99) = 3.504, p = 0.001). No other significant sex differences were observed within 
the German Adolescent Cohort during school hours. The proportion of total sedentary time for 
out-of-school time was higher for male participants compared to female participants (MD = 8.03%; 
95% CI, 3.63 to 12.43, t (99) = 3.622, p < 0.001). Similarly, the proportion of out-of-school time 
spent in sedentary bouts > 60 minutes was higher for male participants compared to female 
participants (MD = 6.50 %; 95% CI, 2.83 to 10.17, t (99) = 3.512, p = 0.001). No additional 
significant sex differences were observed within the German Adolescent Cohort for out-of-school 
hours. 
7.5.4.2 Irish Adolescent Cohort 
The proportion of time spent in sedentary bouts of 30-40 minutes was significantly higher during 
school hours compared to out-of-school hours (p < 0.001). The proportion of time spent in 
sedentary bouts of 40-60 minutes (p < 0.001) and > 60 minutes (p = 0.001) was significantly higher 
during out-of-school hours compared to school hours (Table 7.19.).  
No significant sex differences were observed during school hours for any of the sedentary 
bout variables. Significant sex differences were apparent for the total time spent sedentary during 
out-of-school hours. A Mann-Whitney U test highlighted that males accumulated a significantly 
higher proportion of time in sedentary bouts out-of-school (69.81 %) compared to females (61.19 
%), U = 38, z = -2.894, p = 0.003. No other significant sex differences were observed within the 
Irish Adolescent Cohort during out-of-school hours for the proportion of time spent in any other 




Table 7.18. German Adolescent Cohort: Descriptive statistics for the proportion of time spent in sedentary bouts of specific durations 
compared between school hours and out-of-school hours for the total sample and by sex (Mean (SD); Median (IQR)). 
 Total Sample (N = 101) Male (N = 38) Female (N = 63) 
 School Hours 
Out-of-School 
Hours 





















































































































































































* Significant differences (Bonferroni adjustment; p<0.004) between school hours or out-of-school hours, ¥ significant differences 




Table 7.19. Irish Adolescent Cohort: Descriptive statistics for the proportion of time spent in sedentary bouts of specific durations 
compared during school hours and out-of-school hours for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between school hours or out-of-school hours, ¥ significant differences 
(Bonferroni adjusted p<0.004) between males and females for either school hours or out-of-school hours only. 
 Total Sample (N = 29) Male (N = 13) Female (N = 16) 
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7.5.5 Sedentary Behaviour Patterns during University Hours and Out-of-University Hours 
7.5.1 Young Adult Cohort 
The participants of the Young Adult Cohort accumulated a significantly higher proportion of total 
sedentary time during out-of-university hours compared to during university hours. The proportion 
of time spent in sedentary bouts < 20 minutes was also significantly higher during out-of-university 
hours compared to during university hours (p < 0.001). The proportion of time that participants 
spent in sedentary bouts of 20-30 minutes, 30-40 and 40-60 minutes did not differ significantly 
between university hours and out-of-university hours.  
The proportion of total sedentary time (MD = 3.37 %; 95% CI, 3.34 to 12.98, t (81) = 
3.365, p < 0.001) and time spent in sedentary bouts > 60 minutes (Equal variance not assumed; 
MD= 7.78 %; 95% CI, 3.58 to 11.99, t (80.69) = 3.682, p < 0.001) during university hours was 
significantly higher for female participants compared to male participants. No other significant sex 
differences were observed within the Young Adult Cohort for the proportion of time spent in any 





Table 7.20. Young Adult Cohort: Descriptive statistics for the proportion of time spent in sedentary bouts of specific durations compared 
during university hours and out-of-university hours for the total sample and by sex (Mean (SD); Median (IQR)). 
* Significant differences (Bonferroni adjustment; p<0.004) between school hours or out-of-school hours, ¥ significant differences 
(Bonferroni adjusted p<0.004) between males and females for either school hours or out-of-school hours only.
 Total Sample (N = 83) Male (N = 36) Female (N = 47) 
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7.6 Discussion of School/University versus Out-of-School/University Hours  
7.6.1 Total Sedentary Time: Child, Adolescent and Young Adult Cohorts 
It is important to identify specific environments that promote little activity and uninterrupted 
sedentary periods as potential areas for intervention (Dowd et al. 2012a). To our knowledge, this 
is the first study to measure and ascertain the manner in which children, adolescents and young 
adults accumulate the levels and patterns of these behaviours both during and around the 
school/university setting using a direct measure of posture. The finding that children accumulated 
a significantly higher proportion of sedentary time outside-of-school compared to during school is 
consistent with the current literature (Steele et al. 2010; Beck et al. 2016). For participants of the 
adolescent and young adult cohorts, our results indicate that both populations accumulated a higher 
proportion of sedentary time during school/university compared to out-of-school/university. This 
finding, that school and university environments influence the time spent sedentary among 
adolescents and young adults, is somewhat consistent with current literature (Harrington et al. 
2011a; Felez-Nobrega et al. 2018; Arundell et al. 2019). The undesirable sedentary profiles present 
within this group of children, adolescents and young adults during school/university and out-of-
school/university is alarming. Based on the evidence presented, different environments 
(school/university versus out-of-school/university) should be the target for intervention based on 
the age of the population of interest. 
7.6.2 Patterns of Sedentary Time  
7.6.2.1 Child Cohort 
The finding that children accumulated a higher proportion of sedentary bouts of < 20 minutes 
during school compared to out-of-school is encouraging, as it indicates that children accumulate 
their sitting time in shorter bouts during school hours. The finding that this cohort of children spent 
a higher proportion of time in sedentary bouts lasting between 20-30 minutes, 30-40 minutes, 40-
60 minutes and > 60 minutes out-of-school compared to within school is alarming. These results 
conflict with the only study that has examined the pattern of sedentary bouts during and outside of 
school (Abbott et al. 2013). Abbott and colleagues observed that young children aged between 10-
12 years spent more time in sustained sequences of sedentary time during school hours compared 
to out-of-school hours. However, the small sample size and/or the use of a sedentary threshold to 





Out-of-school hours appear to be a setting where children accumulate prolonged sedentary bouts. 
This may be due to children having more opportunity to engage in more screen-time (video-games, 
mobile phones, iPad devices) and non-screen based sedentary activities (chatting with friends, 
homework, motorized transport) (Arundell et al. 2019). In recent years, studies within primary 
schools that have successfully implemented changes to school classroom design in an effort to 
promote more active behaviours (walking and standing) and to encourage more active learning 
environments have shown promising results (Morton et al. 2016). Limited attention has been given 
to how the environment outside of school may promote or inhibit engagement in prolonged 
sedentary bouts (Morton et al. 2016). Intervening within this time-period may be challenging for 
a variety of reasons, (i.e. different home environments, seasonal variation, varying homework 
requirements and bedtimes). However, during out-of-school hours, children will have more choice 
over the activities they perform compared to other periods of the day, thus intervening during this 
period could have the potential to make a difference. Simple strategies, such as taking children for 
a walk pre/post dinner, encouraging regular breaks from homework or reducing the time spent on 
technology, have the potential to positively influence sedentary patterns in children (Morton et al. 
2016). 
7.6.2.2 Adolescent Cohort 
The finding that adolescent participants accumulated a higher proportion of sedentary bouts of < 
20 minutes out-of-school compared to school hours is in line with existing research. Harrington et 
al. (2011a) observed that Irish female adolescents accumulated a greater number of sedentary 
bouts that were short in duration out-of-school compared to during school. This cohort of 
adolescents spent a higher proportion of time in sedentary bouts lasting between 20-30 minutes, 
30-40 minutes during school. The duration of each classroom-based lesson for both adolescent 
cohorts in the present study ranged from 25 minutes (single) to 50 minutes (double). The results 
imply that the adolescent participants were sitting uninterrupted for these bout durations (20-30 
minutes and 30-40 minutes) over many class periods within the typical school day. This is 
concerning given the growing evidence reporting the deleterious effects of prolonged sitting 
behaviours on risk factors for cardiometabolic health (Carson et al. 2016b; Verswijveren et al. 
2018).  
Participants of the Irish Adolescent Cohort accumulated a significantly higher proportion 




school hours. Previous research within our research group identified that Irish adolescent females 
accumulate significantly more prolonged sedentary bouts in the hour immediately after school 
compared to the hour immediately before school (Dowd et al. 2012a). Interestingly, the German 
Adolescent Cohort accumulated a significantly higher proportion of their time in sedentary bouts 
lasting 40-60 minutes during school hours compared to out-of-school hours. A potential reason for 
the observed differences between the two cohorts may be due to the structure of their respective 
school days. The German participants were required to take part in extra-curricular activities after 
school that may have resulted in them breaking up prolonged periods of sedentary time. In direct 
contrast to this, Irish Adolescents generally partake in supervised study lessons or use motorized 
transport for their commute after school (Woods et al. 2019), thereby resulting in the accumulation 
of more prolonged sedentary bouts. Taken together, the results of this study highlight that both the 
school environment and the environment away from school promote undesirable sedentary 
patterns. Sex differences were also present, with male participants of the German Adolescent 
Cohort achieving a higher proportion of time in sedentary bouts > 60 minutes compared to females. 
One plausible reason for the sex differences observed is that males may have more opportunities 
to engage in more screen time habits such as gaming, watching TV and playing on their 
smartphones compared to females. That being said the dilemma is how to intervene in an effective 
manner.  
Salmon (2010) suggests that it may be more important to focus on the accumulation of 
sedentary time across the whole day rather than targeting a narrow range of behaviours that occur 
in one’s discretionary time (e.g., outside of school). The school environment offers great potential 
to intervene as it not only accounts for a large proportion of an adolescents waking day, but it also 
should be an environment where healthy habits are formed, implemented and practiced regularly 
(Abbott et al. 2013). A recent review has highlighted that school-based interventions should seek 
to shift the dispersion of activity intensities over the school day rather than focusing on the 
prescription of single activity behaviours (Morton et al. 2016). If the very act of teaching/learning 
was more active and less sedentary, then this may become an established norm as youth’s progress 
into young adults. This would however, require the development of novel strategies such as 
implementing active breaks during class, promoting the delivery of active class lessons and 
implementing changes to the classroom environment (Abbott et al. 2013). Whether these types of 




but worthy of further study. Finally, very limited attention has been given to how the environment 
outside-of-school may promote or inhibit engagement in activity behaviours (Morton et al. 2016). 
This is concerning given that the participants (particularly males) accumulated a large proportion 
of their time outside of school in very prolonged sedentary bouts. Based on the evidence presented, 
this area warrants further investigation. 
7.6.2.3 Young Adult Cohort 
The finding that this young adult cohort accumulated a higher proportion of sedentary bouts < 20 
minutes during out-of-university hours compared to during university hours is encouraging given 
that short bouts of SB have been associated with reduced cardiometabolic risk in adults (Chastin 
et al. 2015). As youth mature, certain lifestyle changes occur and these factors create environments 
that govern, how sedentary or physically active they will be throughout the day (Cohen et al. 2019). 
Over the past few decades, this age-group has the largest increase in SB and decrease MVPA in 
compared to other age-cohorts (Nelson et al. 2019). Despite not achieving statistical significance, 
the amount of time that these young adults spent in prolonged sedentary bouts outside of university 
is worrisome, given that the duration of sedentary bouts correlates with the prevalence of the 
metabolic syndrome (Honda et al. 2016) and that longer bouts of SB increase cardiovascular risk 
in adults (Vasankari et al. 2017).  
Placing the present findings among existing research is difficult, as little is known about 
SB patterns in university students (Peterson et al. 2018). Intervening within this population may 
be problematic for a variety of reasons: (i) they have different work commitments; (ii) they engage 
in various social activities that promote being sedentary i.e., going to the pub, watching TV, and 
hanging with friends; and, (iii) they are required to study for prolonged periods in the evenings. 
Whilst intervening may be problematic, research within this age-group has identified that sitting 
reduction interventions through increasing activity may have some benefits for cardiometabolic 
health (Bailey and Locke 2015; Penning et al. 2017). For example, Bailey and Locke (2015) 
observed that when young adults were asked to engage in 2 minutes of light walking every 20 
minutes, a significant reduction in post-prandial glucose was observed. Based on these results, 
perhaps encouraging regular 2 minute active breaks from prolonged sedentary periods ~ every 20 
minutes could be an easy intervention strategy to promote reduced sitting for young adults outside 
of the university setting. However, more research is required before such recommendations can be 




This is the first study to have examined sex differences in sedentary patterns in young adults 
measured using activity monitoring. The young adult female participants of this study achieved a 
higher proportion of sedentary time and time in sedentary bouts > 60 minutes during university 
hours. This suggests that sociodemographic factors i.e., sex may be an important determinant of 
prolonged periods of uninterrupted sitting. One reason for this may be that for females, young 
adulthood marks the development of more intimate peer relationships and less engagement in 
active pursuits. Our finding is not surprising given that females are generally less active than males 
across the lifespan (Hallal et al. 2012; Verloigne et al. 2012; Carson et al. 2013a).  
7.6.3 Patterns of Physical Activity  
In conjunction with the finding that SB increased during out-of-school hours for children and 
during school hours for adolescents and young adults, the results showed that the increase in 
sedentary time corresponded with a decrease in LIPA. Beck et al. (2016) in a group of US 8-11 
year-old children have reported similar observations. When examined as a whole, the children 
included in this study shifted away from LIPA during out-of-school hours towards greater 
sedentary time, and the adolescents and young adults shifted away from LIPA during school hours 
towards greater sedentary time. The shift from LIPA to SB across age-groups and environments is 
concerning given that the deleterious effects of SB on risk factors for cardiometabolic health are 
“said” to be independent from MVPA participation (Owen et al. 2010; Ekelund et al. 2012; 
Saunders et al. 2014; Beck et al. 2016) and; that LIPA is independently associated with 
cardiometabolic health benefits (Healy et al. 2008a; Carson et al. 2013b; Dowd et al. 2014; Beck 
et al. 2016). Similar findings have been observed in a group of 14-23 year-old females, whereby 
as participants aged, LIPA time decreased and sedentary bout durations increased (Cohen et al. 
2019). Cross-comparison with the present data is difficult, as the majority of previous research has 
failed to distinctly categorise sedentary time using gold-standard methods (Owen et al. 2010; 
Ekelund et al. 2012; Saunders et al. 2014; Beck et al. 2016). Regardless of this, the findings 
suggest that, perhaps, instead of targeting MVPA, interventions could potentially focus on a more 
achievable target by decreasing the amount of time spent sedentary through increasing LIPA 
(Healy et al. 2011a; Mitchell et al. 2012; Carson et al. 2013b; Colley et al. 2013; Beck et al. 2016). 
To the author’s knowledge, this is the first study to compare the levels of MVPA across 
age groups and between school/university hours and out-of-school/university hours. The results 




accumulated a higher proportion of MVPA time (although not a significant finding) during 
school/university compared to out-of-school/university. Conversely, participants of both the 
German Child and Adolescent Cohort accumulated a higher proportion of MVPA time out-of-
school compared to during school. The findings presented may be due to cultural differences or 
differences in the education systems between Ireland and Germany. For example, German students 
are required to participate in extracurricular activity, which occurs directly after the school day. 
This may promote more engagement in more active pursuits, thereby aiding in the accumulation 
of time spent in MVPA as a result (Sturm et al. 2020).  
It is notable that the majority of research examining the levels of MVPA within the school 
context have focused specifically on recess and lunchtimes only (Ridgers et al. 2012; Ridgers et 
al. 2013; Sturm et al. 2020). Throughout the many studies and investigated age groups, it is 
accepted that MVPA levels during recess and lunchtime, decrease with age and girls are less active 
than boys. While the examination of MVPA during recess and lunchtimes is feasible within 
younger populations, it would not be feasible within a university setting, primarily due to 
differences in the daily education systems structures (or lack thereof in terms of the university 
setting). To overcome this, the present study examined the total levels of MVPA during school-
hours and out-of-school hours in child, adolescent and young adult populations. Placing the present 
findings within existing research is difficult as there is a lack of information reporting the patterns 
of MVPA inside and outside of the school setting across age groups. More studies are required to 
develop an understanding of child, adolescent and university students MVPA behaviours both 
during school/university and out-of-school/university. Such information has the potential for 
policy makers and curriculum developers to design effective interventions and to inform on where 
best to promote MVPA across the different age groups.  
7.7 General Discussion 
This study is the first study to accurately measure free-living levels and patterns of sedentary time 
in child, adolescent and young adult cohorts using a gold-standard postural device. The majority 
of published epidemiological research relating to activity behaviours in child, adolescent and 
young adult populations has failed to differentiate, sedentary time and low levels of ambulation. 
As a result of this, researchers have not directly measured “true” sedentary activity (sitting/lying 
time) across populations. Of the limited literature that exists, the focus has been predominantly on 




The inclusion of the total volume of sedentary time may overlook significant details of sedentary 
patterns and how they are accumulated, which may have important implications for health. For 
example, it is proposed that prolonged periods of sedentary time induce the downregulation of 
liproprotein lipase, an enzyme responsible for the regulation of muscle triglyceride uptake 
(Hamilton et al. 2007). The reduced activity of lipoprotein lipase has potential to increase blood 
lipid levels and decrease high-density lipoprotein lipase synthesis thus having negative 
consequences for health (Hamilton et al. 2004). However, breaking up sedentary time is now 
thought to reverse the process and positively influence cardiometabolic health indices (Hamilton 
et al. 1998; Healy et al. 2011b). It is important to understand how sedentary or inactive young 
people are before we can begin to influence their current and future health. Through the detailed 
examination of the levels, duration and patterns of sedentary periods, such as those presented 
within this chapter, targeted interventions will benefit from the detailed understanding of when, 
over the course of a day or week certain populations are most sedentary.  
Participants in the adolescent and young adult cohorts accumulated a large proportion of 
their weekday and school/university time in prolonged sedentary bouts. This may have important 
implications for health. For example, Penning et al. (2017) examined the effects of a simulated 
school day with reduced sitting or usual sitting time on cardiometabolic health outcomes in a group 
of adolescents. Compared to the typical school day, the reduced sitting day demonstrated 
significant positive effects for apoB/apoA-1 ratio with medium effect sizes for HDL-C, total 
cholesterol and total cholesterol/HDL-C ratio. These findings exemplify how prolonged sitting in 
certain environments may effect health (Penning et al. 2017).  
Aside from the potential health risks that could be inherited from sustained engagement in 
prolonged SB, pedagogical research suggests that attention begins to degrade after between 10 and 
30 minutes on a task (Frederick 1986; Horgan 2003). The participants of this study generally spent 
a higher proportion of their time engaged in sedentary bouts lasting 20-30, 30-40 and/or 40-60 
minutes during school and/or university hours. The vigilance decrement is a well-known 
phenomenon that refers to a decline in reaction times or an increase in error rates as a result of 
time-on-task during tedious monitoring tasks (Pattyn et al. 2008). Whilst attending and listening 
in class/lectures requires sustained attention, the standard format of classes/lectures can induce a 
vigilance decrement thereby impairing learning of the material (Young et al. 2009; Bunce et al. 




a vigilance decrement and keep students on task (Horgan 2003). Within the field of SB research, 
a recent study in undergraduate students has highlighted that interruptions to prolonged periods of 
sitting every 10-20 minutes via short breaks may optimize cognitive operations related to academic 
performance (Felez-Nobrega et al. 2018). Similarly, Watson and colleagues reviewed the effect of 
classroom-based PA interventions on academic and PA outcomes and highlighted that classroom 
based PA may have a positive impact on academic-related outcomes (Watson et al. 2017). Perhaps, 
short interruptions through breaking sedentary time may eliminate a vigilance decrement, improve 
sustained task attention and thereby promote better health and academic performance; however, 
future research is warranted to corroborate these speculations (Watson et al. 2017). 
Generally, the majority of the populations studied within this chapter achieved significantly 
more MVPA during weekdays and within the school day, except the German cohorts, who had 
more MVPA out-side-of-school and this may be due to the half-day school system in Germany 
(Sturm et al. 2020). The school environment provides many opportunities for students to be 
physically active (Ridgers et al. 2012; Ridgers et al. 2013). To ensure that children and adolescents 
meet the current PA guidelines, the US and UK have implemented specific school-based MVPA 
recommendations. They recommend that students should accumulate at least 30 minutes of MVPA 
during the school day (Kohl III and Cook 2013; Department of Health 2016; Knai et al. 2016). 
More specifically, the US have recommended that students spend on average 30-45 minutes in 
daily Physical Education and that the remainder of MVPA should be accumulated through recess 
and lunch periods (Kohl III and Cook 2013). The results of the present chapter however indicate 
that neither the child nor the adolescent cohorts achieved the recommended 30 minutes of MVPA 
during school hours. It appears that neither Ireland nor Germany have school-based MVPA 
guidelines that specifically recommend students to accumulate a certain amount of MVPA during 
the school day (Woods et al. 2019; Sturm et al. 2020). Based on the results presented, perhaps 
implementing school-based MVPA recommendations may be one way to increase levels of daily 
MVPA within these populations. Similarly, no specific university-based MVPA recommendations 
exist for young adults. However, participants of the young adult cohort accumulated ~36 minutes 
of MVPA during their typical university day, which is just above the recommended guideline for 




7.8. Strengths and Limitations 
This paper followed best practice guidelines for the analysis of the output of the activPAL 3 micro 
device (Harrington et al. 2011a; Dowd et al. 2012a; Powell et al. 2017). The use of previously 
developed standardized methodologies for examining inclinometer-based activity behaviour 
(Harrington et al. 2011a; Dowd et al. 2012a; Powell et al. 2017) across three different populations 
adds to the literature and should encourage and enable the comparison of findings across different 
research studies. A key contribution of this study is the objective measurement of PA and sedentary 
time coupled with the examination of SB patterns during different days (weekend versus 
weekdays) and within different environments (during school versus out-of-school) during three 
important developmental life stages. Further, standardizing and examining the percentage of time 
spent in each specific activity behaviour during school/university and out-of-school/university 
enables greater comparisons with previous and current research. Notable is that the present data 
was recorded in 15 second intervals, in accordance with consensus recommendations for youth 
populations (Trost et al. 2005; Bassett et al. 2012). A key strength is the unique examination and 
description of different sedentary bout durations ranging from < 20 minutes to > 60 minutes given 
that prolonged bouts of sedentary time are linked to indices of cardiometabolic health during youth 
and adulthood (Carson and Janssen 2011; Healy et al. 2011b).  
The generalisability of these findings to other research is challenging for a number of 
reasons. Firstly, the participants included in the present analysis were recruited using convenience 
sampling strategies from two geographic locations in Germany and Ireland and thus may not be as 
applicable to other countries. Firstly, the participants included in the present analysis were 
recruited using convenience sampling strategies from two geographic locations in Germany and 
Ireland and thus may not be as applicable to other countries. Secondly, the convenience sampling 
methods relied heavily on access to school/university study participants, which means that the 
sample is weighted towards school days (structured days) which are different to unstructured days. 
While this form of sampling is standard practice, there is emerging evidence that the convenience 
comes at the cost of bias in the data. Therefore, the issue is that as structured school days are 
inherently different to unstructured non-school days, fully representative sampling of how 
participants spent their time should possibly include school/ days, non-school days and weekend 
days, therefore the type of sampling used herein may not be representative of true habitual PA 




within each of the respective age groups was unequal and biased through the inclusion of a higher 
number of female participants. There is no definitive consensus regarding the best count-to-activity 
threshold for MVPA and LIPA within these populations. The present analysis used a population 
specific free-living count-to-activity threshold specifically developed and validated for the 
activPAL 3 micro device, which showed high agreement with the Cosmed metabolic unit. While 
the use of count-to-activity thresholds, although not ideal, is a widely used and easy way to 
quantify activity behaviour, machine-learning methods for analysing has potential to be a more 
effective approach to distinguish between different PA intensities. However, the methods are 
complex and require further research for free-living activity behaviour. 
7.9. Conclusion 
The current study has presented novel information on the fractioning of activity behaviours over a 
typical week and within the school/university and out-of-school/university context. Overall, the 
findings regarding SB and SB patterns have highlighted the key periods (weekday and weekends, 
school/university and out-of-school/university) where children, adolescents and young adults 
engage in prolonged bouts of sedentary time, thereby illuminating key areas for intervention. 
Regarding PA, the majority of participants in the child, adolescent and young adult cohorts 
accumulated more time in MVPA during weekdays compared to the weekends. The current study 
provided up-to-date information on LIPA measured using the activPAL 3 micro across three age 
groups. The child and adolescent cohorts accumulated more time in LIPA during the weekdays 
compared to weekends and a shift from LIPA to SB was observed across ages and environments 
(school/university versus out-of-school/university). As PA, SB and many risk factors for 
cardiometabolic health track from childhood, through adolescence and into adulthood, it is 
important to determine how sedentary or inactive young people are to positively impact their 
current and future health (Owen et al. 2010; Ortega et al. 2013). Through the detailed examination 
of the levels, duration and patterns of sedentary periods, such as those presented herein, targeted 
interventions will benefit from the detailed understanding of when, over the course of a day or 
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Cardiovascular diseases are the leading cause of premature death globally, taking an estimated 
17.9 million lives each year (Naghavi et al. 2017). The risk factors associated with these 
pathologies develop over time and are predominantly observed during adulthood. Cardiometabolic 
risk factors, including overweight/obesity, insulin resistance, hypertension, dyslipidaemia and 
impaired fasting glucose independently predict cardiometabolic diseases during adulthood and 
have become increasingly prevalent within recent years (Bailey et al. 2017). The clustering of 
these cardiometabolic risk factors, referred to as metabolic syndrome, confers an additive risk 
beyond the level predicted by an individual risk factor (Gaston et al. 2019). 
Within the past two decades, cardiometabolic risk factors have become increasingly 
prevalent within youth populations, with 50% of the US adolescent population now reported to 
have at least one cardiometabolic risk factor (Johnson et al. 2009). What is even more concerning 
is that the clustering of these risk factors has also increased. Observational data from the 2011-
2016 NHANES study identified that the prevalence of metabolic syndrome ranges between 2-11% 
among children and adolescents (Gaston et al. 2019). Within the European context, the prevalence 
rates range between 0.2% and 1.4% among children and adolescents respectively (Ekelund et al. 
2009). Additionally, there is now evidence to suggest that low cardiorespiratory fitness is a 
significant predictor of increased cardiometabolic risk during childhood (Bailey et al. 2012). These 
observations are of public health significance, given that cardiometabolic risk factors may track 
from childhood through adolescence and into adulthood, thereby further increasing the subsequent 
risk of cardiometabolic disease (Raitakari et al. 2003; Baker et al. 2007; Koskinen et al. 2017). 
Reducing the prevalence and development of cardiometabolic risk factors during youth will have 
positive implications for long-term health (Bailey et al. 2017). However, a clearer understanding 
of the determinants of health risk factors in youth is warranted. 
MVPA, deemed a determinant of cardiometabolic health throughout the lifespan - 
represents the upper end of the PA intensity continuum (Poitras et al. 2016). A large body of 
evidence has highlighted the positive effect that increased levels of MVPA has on risk factors for 
cardiometabolic health in children and adolescents (Poitras et al. 2016). Furthermore, it is 
suggested that increased levels of MVPA during youth may have a protective effect on 
cardiometabolic risk factors in adulthood (Hallal et al. 2006). With this, to promote health, national 




accumulate at least 60 minutes of MVPA daily (Haskell et al. 2007; Bull et al, 2020). Despite 
these recommendations, global levels of MVPA are low with 81% of children and adolescents not 
achieving the recommendations of PA for health (Guthold et al. 2020). Recent data from 6,600 
participants of the Irish CSPPA study highlighted that only 10% of the included adolescent 
participants achieved the daily PA recommendation for health (Woods et al. 2019). The majority 
of the evidence that has informed the development of the current PA guidelines has been generated 
from studies that have focused solely on the health associations with PA of at least moderate-
intensity (Ruiz et al. 2006; Carson et al. 2016b; Poitras et al. 2016). However, MVPA only 
accounts for a very small proportion of an adolescents waking day, even if one achieves the 
recommended 60 minutes. 
Recently, more attention has been given to activities on the lower end of the activity 
intensity spectrum. Both adults and children spend a large proportion of their waking day (~ 4-6 
hours) in LIPA (Matthews et al. 2008a; Buman et al. 2010). There is strong evidence highlighting 
that increased time spent in LIPA is beneficially associated with a variety of cardiometabolic risk 
factors in adults (Chastin et al. 2019). Research studies that have investigated the association in 
youth populations are limited, and have produced inconclusive findings, with some studies 
reporting positive associations and others reporting null associations (Dowd et al. 2014; Carson et 
al. 2016c; Poitras et al. 2016). However, these inconclusive findings may very well be due to the 
idiosyncratic measurement methodologies utilised, which have categorised a full range of static 
(standing) and dynamic activities into one LIPA variable (Hay et al. 2012). While the potential 
benefits of LIPA in youth populations are only beginning to emerge, spending more time in LIPA 
may provide some health benefit however, more research is warranted (Carson et al. 2013b; Poitras 
et al. 2016; Amagasa et al. 2018; Contardo Ayala et al. 2020). 
SB denotes another component on the lower end of the PA intensity continuum. It refers 
to any waking behaviour characterised by an energy expenditure of ≤ 1.5 METs while in a sitting 
or reclining posture (Tremblay et al. 2017) and has been categorised as a unique determinant of 
cardiometabolic health (Cliff et al. 2014). Within adult populations, prolonged sedentary time has 
been detrimentally associated with a range of cardiometabolic risk factors, including WC, fasting 
glucose, fasting insulin, HDL-C and triglycerides (Powell et al. 2018). Recently, the examination 
of SB patterns (i.e., the manner in which sedentary time is accumulated or how frequently 




suggests that an increase in the frequency of sedentary breaks is beneficially associated with risk 
factors for cardiometabolic health in adults (Healy et al. 2008a; Bankoski et al. 2011; Carson et 
al. 2014). While the evidence of the association between increased SB and poor health is well 
established in adult populations, the association of the effects of increased sedentary time in youth 
is not well understood. The findings of the limited research to date highlight that the total volume 
of sedentary time may or may not have an effect on cardiometabolic health (Carson and Janssen 
2011; Martinez-Gomez et al. 2012; Cliff et al. 2014; Bailey et al. 2017; Verswijveren et al. 2018). 
One plausible reason for these observations is that the majority of studies have partially adjusted 
the data to account for the time spent in MVPA. As time is finite, the time spent in one activity 
behaviour (MVPA) displaces the time spent in another, therefore the time spent in the activity 
behaviours are intrinsically collinear and co-dependent (Chastin et al. 2015b). It is conceivable 
that the adjustment for MVPA may have mitigated these associations and therefore should be 
avoided in future research.  
Research has shown that young people accumulate their sedentary periods in bouts that 
vary in frequency and duration (Verswijveren et al. 2018). The SBRN consensus statement defines 
a sedentary bout as an uninterrupted-period of sedentary time (Tremblay et al. 2017). A sedentary 
break is defined as a non-sedentary bout in between two sedentary bouts (Tremblay et al. 2017). 
Prolonged uninterrupted sedentary time is considered to contribute to poor health, and interrupting 
sedentary time with PA or standing may provide some health benefits (Broadney et al. 2018). 
However, the studies to date, of which there are only a few, are mired in conflicting findings in 
relation to the association between sedentary bouts and/or breaks in sedentary time with 
cardiometabolic risk factors during youth (Carson and Janssen 2011; Colley et al. 2013; Saunders 
et al. 2013; Altenburg and Chinapaw 2015). Verswijveren et al. (2018) identified that substantial 
variation in sedentary bout definitions makes comparison between studies very difficult. 
Understanding how SB patterns are associated with health indices may have implications for 
interventions to prevent the development of poor cardiometabolic health in young populations.  
Standing time, though its link to health makes for a contentious debate, has been shown to 
positively benefit cardiometabolic health in adult populations (Healy et al. 2015). There is a dearth 
of literature examining the association between objectively measured standing time with indices 
of cardiometabolic health in youth populations. The majority of research studies that have 




cardiometabolic health have utilised methodologies that may have inherent limitations, 
particularly relating to quantifying sedentary time and differentiating between standing and LIPA. 
Before one can begin to infer associations between standing time and indices of cardiometabolic 
health, robust and accurate measurement methodologies are required. 
Recently, motion sensors that can reliably discriminate periods of upright activity from 
seated or lying activities have been given a lot of research attention. The activPAL PA monitor 
has gained credence as the gold-standard for the measurement of sedentary time and determination 
of postural positions (sitting and standing). The differentiation of sitting behaviours from standing 
behaviours is critical, so that standing time and sitting time are not misclassified. ActivPAL count-
to-activity thresholds with high levels of sensitivity and specificity were developed for the 
determination of MVPA in adolescents in Chapter Four of this thesis. The development of these 
thresholds has enabled the accurate measurement of MVPA and subsequently LIPA from 
activPAL devices. As a result, the time spent sitting/lying, standing, in LIPA and MVPA can be 
obtained using just one device.  
Establishing the influence of the various components of the PA intensity continuum on risk 
factors for cardiometabolic health is dependent on the accurate measurement of each PA 
behaviour. To date, very few research studies have been able to accurately measure the full range 
of PA behaviours on the PA intensity continuum. Specifically, no research studies have used 
devices (which have the ability to measure inclination and activity) to investigate the associations 
between the total volume of waking sedentary time, standing time, LIPA and MVPA with risk 
factors for cardiometabolic health in a mixed adolescent population. In addition, only a few studies 
have been conducted on the association between device-measured SB patterns and cardiometabolic 
health in youth, and their findings are inconsistent. The purpose of this study was to address this 
issue. Therefore, the present study aimed to accurately measure the total volume of waking 
sedentary time, standing time, LIPA, MVPA and the time spent in short (< 20 minutes),  medium 
(20-60 minutes), and prolonged sedentary bouts (> 60 minutes) in a stratified sample of Irish 
adolescents, and their respective associations with risk factors for cardiometabolic health. 
8.2 Method 
The study design was facilitated by the expertise of a large multidisciplinary research team who 




description of the sampling and recruitment methodology, data collection and analysis strategies 
is presented herein. 
8.2.1 School Selection Procedures 
To establish a nationally representative sample, rural, urban and city schools, which included 
single sex, mixed sex and disadvantaged schools in the mid-west region of Ireland were considered 
for inclusion. The school demographic information is presented in table 8.1. Of the eight included 
schools, two were enrolled on the DEIS programme (Delivering Equality of Opportunity in 
Schools), which is a national programme aimed at addressing the educational needs of young 
people from disadvantaged communities. All schools included in the present analysis were 
randomly selected via a lowest random numbers table. If a school declined an opportunity to take 
part in the study, the next school with the lowest random number was selected, approached and 
invited to participate until eight schools that met the inclusion criteria had consented to take part.  
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Deis (Yes/No) School Codes 
School One Mixed Rural No MR 
School Two Mixed Urban No MU 
School Three Mixed Urban Yes MUD 
School Four All Girls City Yes GCD 
School Five Mixed Rural No MR 
School Six All Boys Rural Fee paying BR 
School Seven Mixed Rural No MR 
School Eight Mixed City No MC 
 
8.2.2 Recruitment Procedures 
School principals were contacted via a formal letter. This letter included information that outlined 
the research plan and all testing procedures (Appendix E). After a period of one week, the letter 
was followed by a phone call to each school to arrange a meeting with their respective principals. 
During this meeting, principal consent (Appendix E) was obtained and a cooperating teacher was 
nominated to act as a point of contact in the school.  
The school principal provided the cooperating teacher with a list of names and date of 




cooperating teacher selected a random sample of 50 participants from the class list using a lowest 
random numbers table procedure. An initial sample of 50 participants were selected to allow for 
dropout rates. Once participants were selected from this list, it was returned to the principal. A 
total of thirty-six students, 12 from fourth year, 12 from fifth year and 12 from sixth year were 
approached, provided with information sheets, and were offered a place on the study. To achieve 
gender balance within the mixed school samples, six males and six females were recruited from 
each of the respective class years. The students were given a one-week period to decide if they 
were interested in taking part. If a student declined the opportunity to take part in the study, the 
next student with the lowest random number was selected and invited to participate until a total of 
36 participants had declared an interest in the study.  
8.2.3 Participant Inclusion and Exclusion Criteria 
A random sample of 276 adolescent males and females were recruited for participation in the 
present study. Eligible students were required to be leaving certificate cycle students between the 
ages of 14-18 years and free from injury or any medical condition that prevented their usual 
participation in PA or exercise. No exclusions were placed on the student’s level of fitness or other 
health behaviours. Once written informed consent was obtained from the school principals and 
students had declared interest in the study, the cooperating teacher provided students with parental 
and participant information sheets, consent forms and a PAR-Q (Appendix E). Students were 
deemed eligible for inclusion once participant and parent consent were retrieved and they had 
completed and successfully passed the PAR-Q. A sample of 276 students provided written 
informed parental consent and written informed participant consent prior to the study commencing. 
Of these participants, 15 (5.4%) were absent on the initial testing days and thus were automatically 
removed from participating in the study. A further 39 participants were removed from the analysis 
due to insufficient accelerometer data (N = 35) or insufficient physical health data (N = 4). A final 
sample of 222 adolescent males (N = 110) and females (N = 112) were included. All recruitment 
and testing procedures occurred during April, May, October and November 2016. The Faculty of 
Education and Health Sciences, Research Ethics Committee, at the University of Limerick 
(EHSREC 2015_12_20), granted ethics committee approval.  
8.2.4 Testing Period One: Measurement Procedures  
The measurement procedures for this study occurred during two testing periods. The first testing 




= 6) and were provided with a study pack that included; a participant hand-book with detailed 
information regarding the study, an activPAL 3 micro device with essential activPAL supplies 
(i.e., Tegaderm and nitrile sleeves) and an activPAL non-wear diary for reporting activPAL 
removal time. The methodological description of the activPAL measurement procedures 
completed during the first testing period is presented below. 
8.2.4.1 Measurement of Habitual Activity Behaviours 
The methods employed relating to the activPAL set-up and initialisation, wear instructions, data 
extraction and data processing have been provided in Chapter Five and thus will only be briefly 
described here. The participants in the present analysis were provided with the activPAL device 
and were encouraged to wear it 24 hours a day for nine consecutive days (PAL Technologies, 
Glasgow, Scotland). Participants were advised to remove the device only when engaging in 
prolonged water-based activities (i.e. swimming or bathing) or when playing full-contact sports 
(i.e. rugby). All monitor removals were documented in an activPAL non-wear diary that was 
provided in their study handbook. 
In accordance with accelerometer standardised measuring procedures, for a day to be 
categorised as valid, participants were required to wear the activPAL device for a period of ≥10 hr 
during waking hours (Edwardson et al. 2017). The output from the activPAL was then examined 
for the number of valid days of data provided. To be included in the final analysis, participants 
were required to provide at least four valid days of accelerometer recording (3 weekdays and 1 
weekend day) (Edwardson et al. 2017). All monitor outputs were examined for non-wear time, 
which was defined as a period with ≥ 60 minutes of consecutive zero accelerometer activity counts 
during waking hours. This information was cross-referenced with the information provided by 
participants in their activPAL non-wear diaries. The activPAL non-wear time was summated for 
each day and the 24 hours adjusted accordingly (24 hours – non-wear hours).  
The output files from the activPAL 3 micro were examined to calculate daily waking 
sedentary time, standing time, LIPA, MVPA and sedentary bouts of  < 20 minutes (short bouts), 
20-60 minutes (medium bouts) and > 60 min duration (prolonged bouts). Sedentary time and 
standing time were calculated using the postural function of the activPAL 3 micro, using 
proprietary software (v 7.2.32). MVPA was calculated using a threshold of 9286 counts.15sec-1 
developed from the sum of the vector magnitude √𝑥2 + 𝑦2 + 𝑧2 for each 15 second period. A full 




time spent in MVPA was then summed over the entire 24-hour measurement period. LIPA was 
calculated as 24 hours - [sedentary time + standing time + MVPA time] (Dowd et al. 2014). 
Sedentary patterns were expressed through the duration of sedentary bouts. The time spent in short 
< 20 minutes, medium (20-60 minutes) and prolonged sedentary bouts > 60 minutes were 
calculated using a previously developed MATLAB programme (Dowd et al. 2012a). To derive if 
participants achieved the MVPA guidelines the average minutes of MVPA were calculated for 
each participant’s respective measurement period. If the mean of their measured period was ≥ 60 
minutes, the participants were deemed to have met the guidelines. All participants returned their 
study packs (which included their activPAL device and activPAL non-wear diaries) to the main 
researcher when they attended the second testing day in the University of Limerick. 
8.2.5 Testing Period Two: Measurement Procedures 
The second testing period occurred in the Department of Physical Education and Sports Sciences 
(PESS) at the University of Limerick. All participants were transported by bus to the PESS 
building with their study packs and were required to be in a fasted state from midnight the night 
before. Upon arrival, participants had their fasting bloods obtained by trained phlebotomists. Once 
their bloods were obtained, participants were provided with breakfast and were then directed to 
the PESS gymnasium to complete a battery of mental health, sleep and determinants of PA 
questionnaires. Participants also completed a battery of physical tests that included the 
measurement of height, weight, BMI, handgrip strength, waist and hip circumference, 4-site 
skinfolds and they completed a 20 meter shuttle-run test (20-MST). The main investigator along 
with a team of trained undergraduate student researchers from the PESS Department completed 
all testing procedures. A full methodological description of the measurement procedures 
completed during the second testing day is presented below. 
8.2.5.1 Blood Sampling and Analysis 
After overnight fasting for >10 hours, blood samples were collected between 9:00am-12.00pm. 
Prior to having blood samples obtained, the participants were required to rest quietly on a plinth 
for ~ 5 minutes. Each participant verbally confirmed that they were in the fasting state and had not 
consumed anything but water that morning. In all cases, 15mL of blood was extracted with 
venipuncture from the antecubital vein with the participant in the supine position. The blood 
samples were collected in three separate vacutainer 5 mL monovette tubes, one with serum gel, 




on ice in an upright position. As per the manufacturer guidelines, serum gel and EDTA monovettes 
were placed in a centrifuge and spun at 2,500g for 10 minutes. The Li-Heparin monovattes were 
spun separately at 2,000g for 10 minutes. Following centrifugation, serum was aspirated and 
removed from each monovette into four separate eppendorfs specifically coded for each 
participant. All samples were stored at -80ºC until further analysis was required. Upon study 
completion, further biochemical analysis was undertaken by the Clinical Chemistry Department at 
University Hospital Limerick. Plasma insulin (catalog no. 12017547122) and serum total 25-
hydroxyvitamin D (catalog no. 06506780160) were measured on a Roche Cobas e411 autoanalyzer 
(Roche Diagnostics). Plasma glucose (catalog no. 442640) cholesterol (catalog no. 467825), 
Triglycerides (catalog no. 445850), HDL cholesterol (catalog no. 650207), LDL cholesterol 
(catalog no. 969706), were measured on a UniCel DxC 800 autoanalyzer (Beckman Coulter). 
8.2.5.2 Post Blood Sampling Procedures 
As participants fasted from midnight, had fasting bloods obtained and were required to undergo a 
battery of exercise testing, it was essential for them to consume a meal with an appropriate 
carbohydrate content. Based on the American College of Sports Medicine’s (ACSM) nutrition and 
athletic performance position statement, participants were required to consume 1-4 grams of 
carbohydrate per kilogram of body mass 1-4 hours before their exercise testing (Thomas et al. 
2016). With that, once the participants had fasting bloods taken, they were provided with a standard 
breakfast that met the criteria. This ensured that glycogen stores were replenished after they had 
fasted and had their bloods obtained. It also ensured that participants were adequately fuelled not 
to affect their performance on the health measures (i.e., 20-MST) or questionnaires. Once 
participants had their bloods obtained and breakfast consumed, they were directed to the 
gymnasium to complete a battery of mental health, sleep and determinants of PA questionnaires 
and a battery of physical health test that will be outlined below. 
8.2.5.3 Height Weight and BMI 
Participants wore light clothing, removed their shoes and emptied their pockets before all 
anthropometric measurements were obtained. Height was measured the nearest 0.1cm using a 
portable wall stadiometer (Seca model 218, Seca Ltd., Birmingham, UK). The stadiometer 
incorporated a base plate placed level on the hard surface of the gymnasium floor, a stabilising 
measuring rod erected vertical to a wall and a T-square, which was rested on the head of the 




were asked to adjust it. Prior to obtaining the height measure, participants were directed to stand 
with their heels and toes together on the base plate and to let the arms hang loosely by their side. 
To obtain the measurement, participants were instructed to: (i) keep the back straight against the 
vertical measuring rod; (ii) stand erect without the heels lifting off the base plate; (iii) look straight 
ahead; and, (v) take a deep breath. When the participant exhaled, the tester lowered the T-square 
until it rested on top of the participant’s head.  
Body mass was measured using a standard portable electronic weighing scales (Seca model 
875, Seca Ltd., Birmingham, UK). Prior to each testing period the weighing scales placed on the 
gymnasium floor and was pre-calibrated with a known weight. Participants were instructed to: (i) 
stand onto the scales with both feet fully on the weighing platform; (ii) place heels towards the 
back edge of the scales; (iii) look straight ahead; and, (v) remain as still as possible. Body mass 
was measured to the nearest 0.01kg. All anthropometric measurements were taken in duplicate and 
the average of the two measures was included for analysis. BMI was calculated using the equation: 
BMI = body mass (kg) ÷ height in meters squared (m2). BMI percentiles were calculated on the 
basis of age and sex in accordance with the Centres for Disease Control and Prevention reference 
data (Table 8.2.) (Ogden et al. 2002). 
 
Table 8.2. Centres for Disease Control and Prevention BMI-for-age weight status categories, 
corresponding percentiles and BMI ranges (Ogden et al. 2002). 
 
8.2.5.4 Body Composition Measures  
Skinfold thickness and waist-to-hip circumference ratio (WHR) were used as markers of body fat 
as both are relatively easy to measure and have been shown to correlate well with metabolic risk 
factors (McCarthy 2006; Snijder et al. 2006). Female participants were required to wear a light 
vest top under their t-shirt so that the landmarks for skinfold and WC measurement could be easily 
identified. All body composition measurements were completed behind an enclosed screen to: (i) 
ensure confidentiality; and, (ii) promote a comfortable environment for participants. 
Weight Status Category Percentile range BMI Range kg.m
2 
Underweight Less than the 5th percentile < 18.3 
 
Normal or Health Weight 
 
5th percentile to less than the 85th 
percentile 
 
















8.2.5.4.1 Skinfold thickness 
Skinfold thickness was measured to the nearest 0.2mm and in accordance with the International 
Society for the Advancement of Kinanthropometry (ISAK) protocols (Marfell-Jones et al. 2012). 
Participants were instructed to stand in the anatomical position while body landmarks were located 
(Table 8.3.) and marked using an adjustable anthropometric un-elastic tape, SECA 200 (Seca Ltd., 
Birmingham, UK) and a hypo-allergic pen. All skinfold measurements were taken in succession 
at four sites (biceps, triceps, subscapular and supraspinale) on the right side of the body with a 
Harpenden skinfold calliper (Baty International, Burgess Hill, United Kingdom). The same two 
researchers completed all of the skinfold thickness measurements. Each measurement was taken 
twice; with a third measure recorded when the technical error of measurement, advised by ISAK, 
was exceeded (if the skinfold measure was > 2mm). The mean skinfold value was calculated where 
duplicate measurements were recorded, whilst the median skinfold value was utilised where three 
measurements were recorded (Hume et al. 2018). To ensure accuracy of measurement, inter-
observer technical errors of measurement were calculated and were less than 1mm respectively 
with reliability greater than 95% for each researcher. Furthermore, high intra-tester reliability was 
shown with each researcher producing technical error of measurement for repeated measurements 
of 95% and 97%, respectively.  
 
Table 8.3. Skinfold site, anatomical landmark and type of skinfold pinch for each of the skinfold 
thickness measurements. 
Skinfold  Anatomic Location Pinch 
Bicep 
 The mid-point on the anterior surface of the upper arm at the level of 




 The mid-point on the posterior surface of the upper arm at the level of 




 The point 2cm along a line running latterly and obliquely downward 
at a 45-degree angle from the marked subscapulare landmark (the 




 The point of intersection of two lines. 1) a line from the marked 
iliospinale (most inferior tip of the anterior superior iliac spine), to the 
anterior axillary border. 2) a horizontal line at the level of the marked 
iliocristale (point immediately above the iliac crest where a line drawn 







8.2.5.4.2 Waist Circumference 
WC was recorded to the nearest 0.1cm with an adjustable anthropometric un-elastic tape (Seca 
model 200, Seca Ltd., Birmingham, UK). For measurement, a trained researcher was required to: 
(i) extend a length of measuring tape around the narrowest point of the abdomen; (ii) unite the tape 
anteriorly by inserting into a catch; (iii) avoid skin compression; and/or, (v) ensure that tape was 
taut and level throughout. Participants were asked to stand comfortably facing the researcher, tuck 
their t-shirts (to identify anatomical landmarks) and to breathe normally without consciously 
contracting the abdominal muscles. The measurement was taken at the level of the narrowest point 
of the abdomen at the end of normal exhalation as observed from the anterior aspect. Alternatively, 
if no one point was evident, WC was assessed at the midpoint of the lowest rib and iliac crest at 
the end of normal exhalation. The measurement of WC was taken twice but not consecutively 
(waist measure was obtained, hip circumference measure then obtained, then waist measure 
obtained etc.) and the mean of the two values was used for further calculations.  
Hip circumference was measured to the nearest 0.1cm with an adjustable anthropometric 
un-elastic tape (Seca model 200, Seca Ltd., Birmingham, UK). Participants were instructed to 
stand side on to the researcher and hip circumference was measured at the maximum protuberance 
of the buttocks. To obtain the measure, a trained researcher was required to extend a length of 
measuring tape around the participant’s hips. The researcher was required to: (i) unite the tape at 
the side by inserting into a catch; (ii) take the slack by pressing a button on the measuring tape; 
(iii) ensure the skin/light clothing was not compressed; and, (v) ensure that tape was taut and level 
throughout. The measurement of hip circumference was taken twice but not in succession and the 
mean of the two values was used for further calculations.  
The WHR was calculated by the mean WC value in cm divided by the mean hip 
circumference value in cm. The same two researchers completed all of the waist and hip 
circumference measurements. Inter-observer technical errors of measurement were less than 1cm 
respectively with reliability greater than 95% for each researcher. In addition, high intra-tester 
reliability for hip and waist circumference measurements was observed, with each researcher 
producing a technical error of measurement for repeated measurements of 95% respectively.  
8.2.5.5 Handgrip Strength 
Handgrip strength was measured with the dominant hand using a digital hand dynamometer with 




with standardised measurement procedures, if required, the grip span of the dynamometer was 
adjusted according to the hand size of the participant using a specifically developed equation for 
adolescents (Ruiz et al. 2006). Participants were instructed to squeeze the handle of the 
dynamometer as hard as possible for 5 seconds while keeping the arm fully extended by the side 
of the body at all times. The test was performed in triplicate and the mean score recorded in 
kilograms was used for analysis. 
8.2.5.6 Blood Pressure 
BP was measured by trained researchers according to the guidelines for BP assessment in youth 
(NHBP 2005). As per the published guidelines, three standard pressure cuffs (9 x 18, 12 x 23, 14 
x 28cm) were made available and each participant was fitted with the correct sized cuff to ensure 
that an accurate BP recording was obtained.  
Systolic and Diastolic BP were measured using the Omron M6 (Matsusaka, Japan) 
automated oscillometric BP device on the left arm after the participant had rested in a seated 
position for 5 minutes. For the duration of the test, participants were instructed to: (i) sit fully 
supported on a chair; (ii) expose the upper left arm; (iii) uncross legs; and, (v) place feet flat on 
the floor. With permission, the researcher located the participants’ brachial artery and placed the 
appropriately sized BP cuff on the participant. The left arm was positioned so that the midpoint of 
the upper arm was approximately at the level of the heart. BP measurement was obtained with the 
palm of the participants’ hand facing upward and their elbow in a slightly flexed position. Two 
consecutive measures were obtained with a one-minute break between each measurement. If the 
measurements differed by 2 mmHg, the protocol was repeated (two new measurements were 
obtained that could not exceed 2 mmHg). The average value of the two measures (in mmHg) was 
used in the present analysis. 
8.2.5.7 20-Metre Shuttle Run Test (20-MST) 
The 20-MST has been deemed an acceptable, feasible and scalable measure of cardiorespiratory 
in youth populations (Tomkinson et al. 2019). It is a progressive running test that provides an 
estimate of maximum oxygen carrying capacity (VO2 max) (Leger et al. 1988). The assessment 
itself is pragmatic for large groups and it has demonstrated moderate criterion validity and high to 




8.2.5.7.1 20-MST Exclusion Criteria 
In accordance with the ACSM’s guidelines on the contra-indications, risks and safety precautions 
for stress testing, participants were excluded from the 20-MST if they were observed to have any 
contra-indications based on the information they provided in their PAR-Q and the results obtained 
during their physical health tests (Swain et al. 2014). If participants reported no risk factor within 
the PAR-Q or physical tests and resting BP was normal, participants were permitted to complete 
the 20-MST. If participants had two risk factors, they were at increased risk during exercise testing. 
If participants had 2 risk factors identified using the PAR-Q or the physical health tests and had a 
resting BP of 140/90, they were excluded from participation (Swain et al. 2014).  
8.2.5.7.2 20-MST Procedure 
Once participants were deemed eligible to complete the test, they were given a full verbal 
explanation of the test, were verbally encouraged to give their best effort and were advised that 
they could withdraw from the test at any time. Participants were instructed to run back and forth 
between two lines 20-meters apart and were required to touch the 20m line at the same time an 
audio signal was emitted from a pre-recorded CD. The initial speed was set at 8.5 km.hr-1 and the 
frequency of the sound signals increased by 0.5 km.hr-1 every minute thereafter. Thus, the time 
between the recorded sound signals decreased for every level requiring an increase in speed/pace. 
When participants could no longer follow the pace i.e., if they did not reach the line on two 
consecutive occasions, they were instructed to stop. The Léger equation was used to estimate each 
participant’s VO2max test score (Leger et al. 1988). To calculate this, the final stage that the 
participant completed (level and shuttle) was used to predict VO2max based on a speed value 
corresponding to that stage and the participants age; VO2max (ml.kg.min
-1): 31.025 + (3.238*max 
speed) - 266 (3.248*age) + (0.1536*max speed*age) (Leger et al. 1988). 
8.2.6 Statistical Analysis 
Descriptive data for the study sample were calculated and are presented as means (±) standard 
deviations (SD) and range. Before statistical analysis were undertaken, all variables were 
examined for normality of distribution using the Shapiro Wilks test and through visual inspection 
of histograms. Participants were grouped within lower, middle and upper tertiles of waking 
sedentary time, standing time, LIPA, MVPA and sedentary bouts < 20 minutes, 20-60 minutes and 
> 60 minutes. Pearson Chi square tests were used to examine the independent association between 
the proportion of participants across schools within the lower, middle and upper tertiles of waking 




> 60 minutes. The association between waking sedentary time, standing time, LIPA, MVPA and 
sedentary bouts < 20 minutes, 20-60 minutes and > 60 minutes and each of the individual 
cardiometabolic risk factors was assessed using one-way between groups analysis of variance 
(ANOVA). Post-hoc comparisons with Bonferroni analysis were used to examine and identify 
between tertile differences. Partial eta squared effect size (η2) statistics were calculated to indicate 
the proportion of variance of the dependent variable that was explained by the independent 
variable. To interpret the strength of the effect size statistic, guidelines proposed by Cohen (1988) 
were followed. Partial eta squared effect sizes of 0.01, 0.06 and 0.13 were considered small, 
medium and large respectively. Statistical significance was set at p < 0.05. All statistical analysis 
were performed using IBM SPSS statistics V 24 (Armonk, New York, USA).  
8.3 Results 
Of the 261 participants who wore the activPAL device, one participant lost their device. When 
activPAL data were initially downloaded, output files for 17 participants were either corrupted or 
it was clear that participants had not worn the device. Seventeen participants provided less than 
four days of valid activity data and a further four participants did not supply supplementary health 
data. The final analysis included 222 (49.5 % males) data sets. The mean age (± standard deviation) 
of participants included in the final sample was 16.32 ± 0.92 years. Twelve participants (5.4 %) 
were classified as underweight, 176 (79.2 %) were classified as having normal weight, 22 (9.9%) 
participants were classified as overweight and 12 (5.4%) participants were classified as obese. 
Over 80% of the population provided seven days of valid accelerometer data (Table 8.4.). 
Participants spent 9.86 ± 1.36 hours of their waking time in sedentary pursuits. Table 8.5. presents 
full descriptive statistics for participants included in this analysis.  
 
Table 8.4. Number of participants who provided at least four, five, six and seven days of valid 
accelerometer data.  
Number of Valid Days 
Number of Participants 
(N = 222) 
Percentage (%) 
4 days 3 1.4 
5 days 11 5.0 
6 days 20 9.0 






Table 8.5. Descriptive statistics for included participants: Data presented as Mean (SD) & Range. 
All variables had a sample of n = 222, excluding handgrip strength (n = 221), 20 MST (n = 220), glucose, 
HDL and LDL (n= 217), total cholesterol and triglycerides (n = 216).  
Variables Mean (SD) Range 
Age (years) 16.32 (0.92) 14.00 - 19.00 
Height (m) 1.72 (0.09) 1.52 - 1.98 
Mass (kg) 69.03 (12.89) 43.10 - 113.10 
BMI (Kg/m
-2
) 23.39 (3.70) 15.82 - 35.89 
Sum-of-Skinfold Thickness (mm) 47.12 (20.97) 17.00 - 126.90 
Waist Circumference (cm) 75.60 (8.63) 56.60 - 103.60 
Hip Circumference (cm)
 98.07 (7.53) 83.00 - 120.50 
Waist-to-hip Ratio 0.77 (0.05) 0.63 - 0.93 
Handgrip strength (kg) 28.37 (8.80) 10.13 - 54.47 
20-Meter Shuttle Run (ml.kg.min
-1
) 43.55 (8.80) 25.50 - 61.60 
Total Cholesterol (mmol/L) 3.96 (0.71) 2.50 - 6.60 
HDL-C (mmol/L) 1.32 (0.26) 0.80 - 2.30 
LDL-C (mmol/L) 2.23 (0.58) 0.90 - 4.00 
Triglycerides (mmol/L) 0.76 (0.32) 0.30 -2.20 
Glucose (mmol/L) 4.75 (0.33) 3.40 - 6.10 
Systolic BP (mmHg) 123.17 (13.78) 88.00 - 170.50 
Diastolic BP (mmHg) 68.70 (9.40) 45.50 - 98.00 
Bed Time (hours) 8.88 (0.81) 6.93 - 11.94 
Waking Time (hours) 15.06 (0.81) 12.06 - 17.07 
Waking Sedentary Time (hours) 9.79 (1.20) 6.83 - 12.69 
Standing Time (hours) 3.33 (0.82) 1.39 - 5.99 
LIPA Time (hours) 1.09 (0.34) 0.47 - 2.93 
MVPA Time (hours) 0.85 (0.43) 0.07 - 2.31 
MVPA Time (minutes) 50.83 (26.09) 3.93 - 138.63 
Number of Days Achieving PA Guidelines (days) 2.24 (2.00) 0.00 - 7.00 
Time in Sedentary Bouts < 20 minutes (minutes) 221.61 (51.55) 71.09 - 391.90 
Time in Sedentary Bouts 20-60 minutes (minutes) 330.15 (54.92) 210.59 - 482.68 




8.3.1 Examination of Tertiles of Activity Behaviour across Schools  
Waking sedentary time, LIPA time, MVPA time and the time spent in sedentary bouts < 20 
minutes, 20-60 minutes and > 60 minutes in duration were assessed across schools by dividing 
each of the respective activity behaviours into tertiles. The proportion of participants within the 
lower, middle and upper third of each activity behaviour for each of the included schools can be 
observed in Table 8.6. Pearson Chi square tests were used to examine whether there was an 
association between the proportion of participants within the lower, middle and upper tertiles of 
each activity behaviour across schools. There was no significant differences across schools in the 
proportion of participants identified within the lower, middle and upper tertiles of waking 
sedentary time (2 (14, N = 222) = 41.38; p = 0.235) and standing time (2 (14, N = 222) = 10.39; 
p = 0.733). Significant differences were observed for the proportion of participants identified 
within the lower, middle and upper tertiles of LIPA (2 (14, N = 222) = 41.38; p < 0.001) and 
MVPA (2 (14, N = 222) = 74.21; p < 0.001) across schools. Significant differences were also 
observed for the proportion of participants identified within the lower, middle and upper tertiles 
of sedentary time spent in bouts < 20 minutes (2 (14, N = 222) = 41.16; p < 0.001), 20-60 
minutes (2 (14, N = 222) = 31.75; p < 0.01) and bouts > 60 minutes (2 (14, N = 222) = 32.08; 




























Lower 48.40 50.00 40.00 30.00 30.80 14.80 23.30 27.30  
Middle 22.60 26.90 36.70 33.30 38.50 40.70 26.70 36.40 0.235 
Upper 29.00 23.10 23.30 36.70 30.80 44.40 50.00 36.40  
Standing 
Time (%) 
Lower 19.40 38.50 40.00 36.70 30.80 29.60 36.70 36.40  
Middle 32.30 26.90 23.30 40.00 30.80 33.30 40.00 40.90 0.733 
Upper 40.40 34.60 36.70 23.30 38.50 37.00 23.30 20.70  
LIPA Time 
(%) 
Lower 29.00 15.40 33.30 56.70 34.60 7.40 43.30 45.50  
Middle 25.80 38.50 33.30 36.70 34.60 22.20 40.00 36.40 0.000*** 
Upper 45.20 46.20 33.30 6.70 30.80 70.40 16.70 18.20  
MVPA Time 
(%) 
Lower 25.80 7.70 60.00 20.00 34.60 7.40 80.00 22.70  
Middle 41.90 19.20 16.70 40.00 38.50 48.10 16.70 50.00 0.000*** 
Upper 32.30 73.00 23.30 40.00 26.90 44.40 3.30 27.30  
Sedentary 
Bouts < 20 
minutes 
Lower 51.60 26.90 23.30 40.00 46.20 3.70 36.70 36.40  
Middle 38.70 34.60 26.70 43.30 26.90 25.90 23.30 50.00 0.000*** 




Lower 45.2 50.0 23.3 50.0 38.5 18.5 10.0 27.3  
Middle 22.6 34.6 50.00 30.0 34.6 29.6 33.3 31.8 0.006** 
Upper 32.3 15.4 26.7 20.0 26.9 51.9 56.7 40.9  
Sedentary 
Bouts > 60 
minutes 
Lower 16.10 46.20 43.30 26.70 38.5 55.60 26.70 13.60  
Middle 45.20 42.30 33.30 43.30 23.10 22.20 16.7 40.90 0.004* 
Upper 38.70 11.50 23.30 30.00 38.50 22.20 56.7 45.50  




8.3.2 Proportion of Participants Meeting the Recommended MVPA Daily Guideline 
The average minutes of MVPA were calculated for each participant’s respective measurement 
period. If the mean of their measured period was ≥ 60 minutes, the participants were deemed to 
have met the guidelines. On average, the participants of this study accumulated 50.83 ± 26.09 
minutes of MVPA over the measuring period. Table 8.7. presents the proportion of participants 
achieving the average MVPA guideline (60 minutes or more) for the measuring period MVPA 
across schools. On any given measured day, the majority of the participants failed to meet the daily 
target for MVPA (64.4%).  
Table 8.7. Proportion of participants achieving and not achieving the average guideline of 60 



























67.7 23.1 76.7 53.3 73.1 51.9 96.7 68.2 64.4 
Logistic regression analysis was performed to assess the impact of a number of factors on 
the likelihood of participants achieving the daily guideline for MVPA. The model contained three 
independent variables (age, sex and school). The full model containing all variables was 
statistically significant 2 (9, N = 222) = 58.31; p < 0.001, indicating that the model was able to 
distinguish between participants that met the daily guidelines for MVPA and the participants that 
did not. The Cox and Snell R square and the Nagelkerke R squared test highlighted that the model 
as a whole (age, sex and school) explained between 23.1% and 31.7% of the variance in meeting 
or not meeting the MVPA guidelines and correctly classified 75.2% of the cases (i.e. meeting or 
not meeting the guidelines). As shown in Table 8.8. only two of the independent predictor variables 
made a statistically significant contribution to the model (school and sex). After controlling for 
school effects, the strongest predictor for meeting the daily guidelines for MVPA was sex, 
recording an odds ratio of 4.56. This indicates that males were 4.56 times more likely to meet the 




Table 8.8. Logistic regression predicting the likelihood of achieving the daily MVPA guidelines. 
       
95% Confidence 
Interval for Odds 
Ratio 
 B S.E. Wald df Sig. Odds Ratio Lower Upper 
Sex (Ref female) 1.517 0.430 12.464 1 0.000 4.559 1.964 10.584 
Age -0.235 0.184 1.638 1 0.201 0.791 0.552 1.133 
School   28.702 7 0.000    
School (1) -0.062 0.632 0.010 1 0.922 0.940 0.272 3.246 
School (2) 1.799 0.696 6.676 1 0.010 6.045 1.544 23.666 
School (3) -0.710 0.668 1.129 1 0.288 0.492 0.133 1.821 
School (4) 1.256 0.648 3.759 1 0.053 3.511 0.986 12.498 
School (5) -0.422 0.683 0.381 1 0.537 0.656 0.172 2.500 
School (6) -0.153 0.656 0.055 1 0.815 0.858 0.237 3.101 
School (7) -3.030 1.148 6.971 1 0.008 0.048 0.005 0.458 
Constant 2.408 3.039 0.628 1 0.428 11.113   
Variable(s) entered on step 1: Male/Female, Age, School 
8.3.3 The Relationship between Activity Behaviours and Indices of Health  
A one-way between groups analysis of variance (ANOVA) examined the differences in 
cardiometabolic risk factors between tertiles of activity behaviour. Post-hoc comparisons with 
Bonferroni analysis (to guard against type 1 error) were used to examine and identify between 
tertile differences. Partial eta squared effect size (η2) statistics were calculated to indicate the 
proportion of variance of the dependent variable that was explained by the independent variable. 
To interpret the strength of the effect size statistic, guidelines proposed by Cohen (1988) were 
followed. Partial eta squared effect sizes of 0.01, 0.06 and 0.13 were considered small, medium 
and large respectively. 
8.3.3.1 Waking Sedentary Time  
Table 8.9. presents the differences in cardiometabolic health risk factors according to the lower, 
middle and upper waking sedentary time tertiles. The ANOVA analysis revealed significant 
differences for waking sedentary time tertiles with diastolic blood pressure (F (2, 221) = 5.579; p 
< 0.01; η2 = small), LDL-C (F (2, 216) = 3.423; p < 0.05; η2 =small) and glucose (F (2, 216) = 
5.028; p < 0.01; η2 = small). The post-hoc comparison analysis with Bonferroni adjustment showed 




BP, LDL-C, and glucose compared to participants in the lower tertile (see Table 8.9 for post-hoc 
comparisons).  
8.3.3.2 Standing Time 
Table 8.10. presents differences in cardiometabolic health risk factors according to the lower, 
middle and upper standing tertiles. Significant differences were observed for the time spent 
standing with systolic BP (F (2, 221) = 4.491; p < 0.05; η2 = small) and diastolic BP (F (2, 221) = 





Table 8.9. Differences in cardiometabolic risk factors according to the lower, middle and upper 
sedentary waking tertiles. 
Boldface * indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001). Post-hoc comparison: Boldface a 
indicates statistical significance between lower and middle tertile; b indicates statistical significance between lower 
and upper tertile; c indicates statistical significance between middle and upper tertile. 
 Tertiles N Mean SD df F Sig η
2 
Body Composition Measures  
Body Mass Index (Kg/m-2) 
Lower 74 23.41 3.67     
Middle 74 23.70 3.77 2 0.557 0.573 0.00 
Upper 74 23.06 3.68     
Sum-of-Skinfold Thickness (mm) 
Lower 74 46.06 22.07     
Middle 74 51.01 20.36 2 2.060 0.130 0.01 
 Upper 74 44.29 20.12     
Waist-to-Hip Ratio 
Lower 74 0.77 0.05     
Middle 74 0.77 0.05 2 0.735 0.481 0.00 
Upper 74 0.76 0.05     
Strength and CVF  
Handgrip strength (Kgs) 
Lower 73 29.92 9.13     
Middle 74 27.88 8.84 2 1.766 0.174 0.01 
Upper 74 27.34 8.33     
20-MST Score (ml.kg.min-1) 
Lower 70 45.53 9.22     
Middle 61 43.03 8.51 2 3.021 0.051 0.03 
Upper 69 41.99 8.34     
Blood Pressure  
Systolic BP (mmHg) 
Lower 74 123.36 14.30     
Middle 74 122.91 13.19 2 0.021 0.980 0.00 
Upper 74 123.24 14.00     
Diastolic BP (mmHg) 
Lower 74 66.11 9.14   
  
Middle 74 68.82 9.89 2 5.579 0.004*
, b. 0.05 
Upper 74 71.16 8.53     
Blood Information  
Total Cholesterol (mmol/L) 
Lower 72 3.81 0.66     
Middle 72 4.01 0.71 2 2.618 0.075 0.02 
Upper 72 4.06 0.73     
HDL Cholesterol (mmol/L) 
Lower 73 1.31 0.24     
Middle 72 1.36 0.25 2 1.307 0.273 0.01 
Upper 72 1.30 0.28     
LDL Cholesterol (mmol/L) 
Lower 73 2.10 0.51   
  
Middle 72 2.24 0.58 2 3.423 0.034*
, b. 0.03 
Upper 72 2.35 0.62     
Triglycerides (mmol/L) 
Lower 72 0.72 0.35     
Middle 72 0.79 0.34 2 1.129 0.325 0.01 
Upper 72 0.79 0.28     
Glucose (mmol/L) 
Lower 73 4.71 0.31   
  
Middle 72 4.69 0.34 2 5.028 0.007**
, b, c. 0.04 




Table 8.10. Differences in cardiometabolic risk factors according to the lower, middle and upper 
standing tertiles. 
 Tertiles N Mean SD df F Sig η
2 
Body Composition Measures  
Body Mass Index (Kg/m-2) 
Lower 74 22.91 3.85 
2 0.928 0.397 
 
0.00 Middle 74 23.62 3.48 
Upper 74 23.64 3.77     
Sum-of-Skinfold Thickness  
(mm) 
Lower 74 45.13 19.89 
2 0.504 0.605 
 
0.00 Middle 74 48.34 20.69 
 Upper 74 47.89 22.39     
Waist-to-Hip Ratio 
Lower 74 0.76 0.05 
2 1.448 0.237 
 
0.01 Middle 74 0.78 0.05 
Upper 74 0.77 0.05     
Strength and CVF  
Handgrip strength (Kgs) 
Lower 74 26.54 8.31     
Middle 74 29.68 9.06 2 2.584 0.078 0.02 
Upper 73 28.91 8.83     
20-MST Score (ml.kg.min-1) 
Lower 68 42.49 8.44     
Middle 65 44.72 8.19 2 1.066 0.346 0.01 
Upper 67 43.49 9.66     
Blood Pressure  
Systolic BP (mmHg) 
Lower 74 122.78 12.68     
Middle 74 126.69 14.09 2 4.491 0.012*, c. 0.04 
Upper 74 120.04 13.89     
Diastolic BP (mmHg) 
Lower 74 71.14 9.52     
Middle 74 69.08 8.95 2 6.209 0.002**, b. 0.05 
Upper 74 65.86 9.07     
Blood Information  
Total Cholesterol (mmol/L) 
Lower 71 4.03 0.69     
Middle 72 4.04 0.65 2 2.329 0.100 0.02 
Upper 73 3.82 0.76     
HDL Cholesterol (mmol/L) 
Lower 72 1.29 0.29     
Middle 72 1.34 0.22 2 1.022 0.362 0.01 
Upper 73 1.35 0.26     
LDL Cholesterol (mmol/L) 
Lower 72 2.31 0.54     
Middle 72 2.28 0.53 2 3.042 0.050 0.03 
Upper 73 2.09 0.64     
Triglycerides (mmol/L) 
Lower 71 0.84 0.30     
Middle 72 0.74 0.36 2 2.792 0.064 0.03 
Upper 73 0.72 0.31     
Glucose (mmol/L) 
Lower 72 4.80 0.30     
Middle 72 4.75 0.35 2 1.258 0.286 0.01 
Upper 73 4.71 0.34     
Boldface * indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001). Post-hoc comparison: Boldface a 
indicates statistical significance between lower and middle tertile; b indicates statistical significance between lower 




8.3.3.3 Light Intensity Physical Activity 
Table 8.11. presents differences in cardiometabolic health risk factors according to the lower, 
middle and upper LIPA tertiles. The one way ANOVA analysis revealed significant differences 
for the time spent in LIPA with; sum-of-skinfold thickness (F (2, 221) = 5.310; p < 0.01, η2 = 
small), WHR (F (2, 221) = 5.087; p < 0.01, η2 = small), handgrip strength (F (2, 220) = 14.419; p 
< 0.001; η2 = medium), cardiovascular fitness (F (2, 199) = 20.605; p < 0.001; η2 = large), diastolic 
BP (F (2, 221) = 15.198; p < 0.001; η2 = medium), TC (F (2, 215) = 4.281; p < 0.05; η2 = small), 
HDL-C (F (2, 216) = 3.415; p < 0.05; η2 = small) and triglyceride levels (F (2, 215) = 3.224; p < 
0.05; η2 = small). Table 8.11. presents post-hoc comparison data. Participants in the upper LIPA 
had significantly lower sum-of-skinfold thickness, higher WHR, greater handgrip strength, better 
cardiovascular fitness, lower diastolic BP and lower TC, HDL-C and triglycerides.  
8.3.3.4 Moderate-to-Vigorous Intensity Physical Activity 
Table 8.12. presents the observed significant differences in cardiometabolic health risk factors 
according to the lower, middle and upper MVPA tertiles. Significant differences were observed 
for the time spent in MVPA with handgrip strength (F (2, 220) = 3.713, p < 0.001; η2 = 0.03), 
cardiovascular fitness (F (2, 199) = 5.547; p < 0.01, η2 = 0.05), diastolic BP (F (2, 221) = 3.618; p 
< 0.05; η2 = 0.03) and triglyceride levels (F (2, 215) = 3.119; p < 0.05; η2 = 0.03). The Post-hoc 
comparison identified that those who accumulated more MVPA time had significantly greater 





Table 8.11. Differences in cardiometabolic risk factors according to the lower, middle and 
upper LIPA tertiles. 
Boldface * indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001). Post-hoc comparison: Boldface a 
indicates statistical significance between lower and middle tertile; b indicates statistical significance between 
lower and upper tertile; c indicates statistical significance between middle and upper tertile.  
 Tertiles N Mean SD df F Sig η
2 
Body Composition Measures  
Body Mass Index (Kg/m-2) 
Lower 74 23.83 3.92     
Middle 74 23.02 3.60 2 0.911 0.404 0.01 
Upper 74 23.32 3.59     
Sum-of-Skinfold Thickness 
(mm) 
Lower 74 53.28 23.72     
Middle 74 45.43 19.25 2 5.310 0.006**, b. 0.05 
Upper 74 42.65 18.34     
Waist-to-Hip Ratio 
Lower 74 0.76 0.05     
Middle 74 0.77 0.04 2 5.087 0.007**, b. 0.04 
Upper 74 0.78 0.05     
Strength and CVF  
Handgrip strength (Kgs) 
Lower 74 25.33 8.25     
Middle 74 27.37 8.87 2 14.417 0.000***, b, c. 0.12 
Upper 73 32.48 7.76     
20-MST Score (ml.kg.min-1) 
Lower 67 38.98 7.65     
Middle 71 43.94 8.59 2 20.605 0.000***, a, b, c. 0.17 
Upper 62 48.05 7.79     
Blood Pressure  
Systolic BP (mmHg) 
Lower 74 122.35 13.96     
Middle 74 122.52 13.60 2 0.629 0.534 0.01 
Upper 74 124.64 13.84     
Diastolic BP (mmHg) 
Lower 74 72.74 9.34     
Middle 74 68.63 7.52 2 15.198 0.000***, a, b, c. 0.12 
Upper 74 64.72 9.53     
Blood Information  
Total Cholesterol (mmol/L) 
Lower 70 4.10 0.71     
Middle 74 4.01 0.73 2 4.281 0.015*, b. 0.03 
Upper 72 3.77 0.64     
HDL Cholesterol (mmol/L) 
Lower 70 1.32 0.27     
Middle 74 1.38 0.25 2 3.415 0.035*, c. 0.03 
Upper 73 1.27 0.25     
LDL Cholesterol (mmol/L) 
Lower 70 2.30 0.51     
Middle 74 2.26 0.67 2 1.768 0.173 0.02 
Upper 73 2.13 0.53     
Triglycerides (mmol/L) 
Lower 70 0.84 0.29     
Middle 74 0.75 0.33 2 3.224 0.042*, b. 0.02 
Upper 72 0.71 0.33     
Glucose (mmol/L) 
Lower 70 4.77 0.34     
Middle 74 4.77 0.36 2 0.816 0.444 0.01 




Table 8.12. Differences in cardiometabolic risk factors according to the lower, middle and 
upper MVPA tertiles. 
Boldface * indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001). Post-hoc comparison: Boldface a 
indicates statistical significance between lower and middle tertile; b indicates statistical significance between 
lower and upper tertile; c indicates statistical significance between middle and upper tertile.  
 Tertiles N Mean SD df F Sig η
2 
Body Composition Measures  
Body Mass Index (Kg/m-2) 
Lower 74 22.92 3.58     
Middle 74 23.63 3.67 2 0.875 0.418 0.01 
Upper 74 23.61 3.85     
Sum-of-Skinfold Thickness  
(mm) 
Lower 74 47.54 20.95     
Middle 74 47.59 20.63 2 0.099 0.905 0.00 
Upper 74 46.23 21.57     
Waist-to-Hip Ratio 
Lower 74 0.76 0.05     
Middle 74 0.77 0.05 2 2.504 0.084 0.02 
Upper 74 0.78 0.05     
Strength and CVF  
Hand-grip strength (Kgs) 
Lower 74 26.80 8.93   
  
Middle 74 27.78 8.22 2 3.713 0.026*
, b. 0.03 
Upper 73 30.57 8.92     
20-MST Score (ml.kg.min-1) 
Lower 71 41.20 8.52   
  
Middle 61 43.49 8.18 2 5.547 0.005**
, b 0.05 
Upper 68 46.06 9.04     
Blood Pressure  
Systolic BP (mmHg) 
Lower 74 123.01 13.59     
Middle 74 122.66 14.59 2 0.142 0.868 0.00 
Upper 74 123.84 13.28     
Diastolic BP (mmHg) 
Lower 74 71.07 9.07     
Middle 74 67.48 9.10 2 3.618 0.028* 0.03 
Upper 74 67.54 9.67     
Blood Information  
Total Cholesterol (mmol/L) 
Lower 70 4.08 0.80     
Middle 74 3.99 0.64 2 2.987 0.053 0.03 
Upper 72 3.80 0.65     
HDL Cholesterol (mmol/L) 
Lower 71 1.30 0.27     
Middle 74 1.35 0.24 2 0.536 0.586 0.00 
Upper 72 1.32 0.27     
LDL Cholesterol (mmol/L) 
Lower 71 2.31 0.62     
Middle 74 2.24 0.55 2 1.906 0.151 0.02 
Upper 72 2.13 0.55     
Triglycerides (mmol/L) 
Lower 70 0.83 0.32     
Middle 74 0.77 0.34 2 3.119 0.046*, b. 0.03 
Upper 72 0.70 0.30     
Glucose (mmol/L) 
Lower 71 4.78 0.32     
Middle 74 4.75 0.30 2 0.566 0.569 0.01 




8.3.3.5 Sedentary Bouts < 20 minutes 
Table 8.13. presents the observed significant differences in cardiometabolic health risk factors 
according to the lower, middle and upper sedentary bout tertiles for sedentary bouts < 20 
minutes in duration. The ANOVA analysis revealed significant differences for the time spent 
in short sedentary bouts with WHR (F (2, 221) = 6.726; p < 0.01; η2 = small), handgrip strength 
(F (2, 220) = 5.246; p < 0.01; η2 = small) and cardiovascular fitness (F (2, 199) = 3.466; p < 
0.01; η2 = small). Post-hoc comparison analysis showed that those who spent less time in 
sedentary bouts < 20 minutes in duration (upper tertile) had a significantly higher WHR, greater 
handgrip strength and higher cardiovascular fitness.  
8.3.3.6 Sedentary Bouts 20 - 60 minutes 
Significant differences were observed for the time spent in sedentary bouts lasting 20 to 60 
minutes in duration and diastolic BP (F (2, 221) = 3.509; p < 0.05; η2 = 0.03). None of the other 
variables revealed significant associations. 
8.3.3.7 Sedentary Bouts > 60 minutes 
Table 8.14. presents the observed significant differences in cardiometabolic health risk factors 
according to the lower, middle and upper sedentary bout tertiles for sedentary bouts > 60 
minutes in duration. Significant differences were observed for the time spent in prolonged 
sedentary bouts with handgrip strength (F (2, 220) = 3.861; p < 0.05; η2 = small) and diastolic 
BP (F (2, 221) = 7.705; p < 0.01; η2 = medium). The post-hoc analysis revealed that participants 
that accumulated more time in sedentary bouts > 60 minutes in duration (upper tertile) had a 
















Table 8.13. Differences in cardiometabolic risk factors according to the lower, middle and 
upper sedentary bout tertiles for sedentary bouts < 20 minute in duration. 
Boldface * indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001). Post-hoc comparison: Boldface a 
indicates statistical significance between lower and middle tertile; b indicates statistical significance between 
lower and upper tertile; c indicates statistical significance between middle and upper tertile.  
 Tertiles N Mean SD df F Sig η
2 
Body Composition Measures  
Body Mass Index (Kg/m-2) 
Lower 74 22.61 3.77     
Middle 74 23.76 3.73 2 2.475 0.086 0.02 
Upper 74 23.80 3.53     
Sum-of-Skinfold Thickness  
(mm) 
Lower 74 46.38 21.00     
Middle 74 48.49 22.88 2 0.236 0.790 0.00 
Upper 74 46.49 19.07     
Waist-to-Hip Ratio 
Lower 74 0.75 0.05   
  
Middle 74 0.77 0.05 2 6.726 0.001**
, a, b. 0.05 
Upper 74 0.78 0.05     
Strength and CVF  
Hand-grip strength (Kgs) 
Lower 74 26.41 7.90     
Middle 74 27.82 8.31 2 5.246 0.006**, b. 0.04 
Upper 73 30.93 9.62     
20-MST Score (ml.kg.min-1) 
Lower 69 41.95 8.44     
Middle 67 43.03 8.68 2 3.466 0.033*, b. 0.03 
Upper 64 45.82 8.96     
Blood Pressure  
Systolic BP (mmHg) 
Lower 74 121.24 12.24     
Middle 74 124.82 14.54 2 1.28 0.280 0.01 
Upper 74 123.45 14.39     
Diastolic BP (mmHg) 
Lower 74 69.81 9.73     
Middle 74 68.86 9.30 2 1.224 0.296 0.01 
Upper 74 67.41 9.12     
Blood Information  
Total Cholesterol (mmol/L) 
Lower 72 3.91 0.70     
Middle 71 3.90 0.63 2 1.327 0.268 0.01 
Upper 73 4.07 0.78     
HDL Cholesterol (mmol/L) 
Lower 73 1.32 0.23     
Middle 71 1.28 0.26 2 1.793 0.169 0.01 
Upper 73 1.36 0.28     
LDL Cholesterol (mmol/L) 
Lower 73 2.15 0.53     
Middle 71 2.25 0.57 2 1.133 0.324 0.01 
Upper 73 2.29 0.62     
Triglycerides (mmol/L) 
Lower 72 0.74 0.30     
Middle 71 0.81 0.35 2 1.157 0.316 0.01 
Upper 73 0.74 0.32     
Glucose (mmol/L) 
Lower 73 4.76 0.31     
Middle 71 4.73 0.38 2 0.23 0.795 0.00 




Table 8.14. Differences in cardiometabolic risk factors according to the lower, middle and 
upper sedentary bout tertiles for sedentary bouts > 60 minute in duration. 
Boldface * indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001). Post-hoc comparison: Boldface a 
indicates statistical significance between lower and middle tertile; b indicates statistical significance between 
lower and upper tertile; c indicates statistical significance between middle and upper tertile.  
 Tertiles N Mean SD df F Sig η
2 
Body Composition Measures  
Body Mass Index (Kg/m-2) 
Lower 74 23.29 3.13     
Middle 74 23.30 3.70 2 0.147 0.863 0.00 
Upper 74 23.58 4.24     
Sum-of-Skinfold Thickness 
 (mm) 
Lower 74 44.22 17.76     
Middle 74 48.13 19.80 2 1.097 0.336 0.00 
Upper 74 49.02 24.71     
Waist-to-Hip Ratio 
Lower 74 0.77 0.05     
Middle 74 0.77 0.06 2 0.332 0.718 0.00 
Upper 74 0.77 0.05     
Strength and CVF  
Hand-grip strength (Kgs) 
Lower 73 30.51 9.92     
Middle 74 26.56 8.04 2 3.861 0.022*,a. 0.03 
Upper 74 28.09 7.99     
20-MST Score (ml.kg.min-1) 
Lower 66 45.38 9.23     
Middle 69 43.04 8.35 2 2.301 0.103 0.02 
Upper 65 42.23 8.63     
Blood Pressure  
Systolic BP (mmHg) 
Lower 74 123.41 15.46     
Middle 74 121.63 12.29 2 0.801 0.450 0.01 
Upper 74 124.47 13.44     
Diastolic BP (mmHg) 
Lower 74 65.42 8.55     
Middle 74 69.55 9.50 2 7.705 0.001**a,b. 0.06 
Upper 74 71.12 9.29     
Blood Information  
Total Cholesterol (mmol/L) 
Lower 73 3.95 0.73     
Middle 73 3.99 0.72 2 0.139 0.871 0.00 
Upper 70 3.94 0.68     
HDL Cholesterol (mmol/L) 
Lower 74 1.31 0.25     
Middle 73 1.37 0.28 2 1.629 0.198 0.01 
Upper 70 1.29 0.24     
LDL Cholesterol (mmol/L) 
Lower 74 2.26 0.61     
Middle 73 2.18 0.51 2 0.343 0.710 0.00 
Upper 70 2.24 0.61     
Triglycerides (mmol/L) 
Lower 73 0.72 0.31     
Middle 73 0.77 0.33 2 1.125 0.327 0.01 
Upper 70 0.80 0.33     
Glucose (mmol/L) 
Lower 74 4.74 0.33     
Middle 73 4.71 0.31 2 1.286 0.279 0.01 




8.4 Discussion  
The overarching aim of this study was to examine the association between a range of activity 
behaviours and risk factors for cardiometabolic health (BMI, 4-site sum-of-skinfold thickness, 
WHR, handgrip strength, cardiovascular fitness, systolic BP, diastolic BP, TC, LDL-C, HDL-
C, glucose and triglycerides) in a stratified Irish adolescent population. Broadly speaking, the 
findings from this study: (i) provide evidence of between school differences in the 
accumulation of activity behaviours; (ii) highlight the insufficient levels of MVPA among Irish 
adolescents, particularly in females; and, (iii) demonstrate significant associations between PA, 
SB and a range of risk factors for cardiometabolic health in Irish adolescents. 
The proportion of adolescents within the lower, middle and upper tertiles for LIPA, 
MVPA and time spent in bouts < 20 minutes, 20-60 minutes and > 60 minutes significantly 
differed across schools, highlighting school differences in the accumulation of activity 
behaviours in Irish adolescents. Given that activity behaviours will change depending on school 
location (Loucaides et al. 2004; Li et al. 2017) and socioeconomic status (Gidlow et al. 2006; 
Mutunga et al. 2006; Jenum et al. 2009) an adjustment for school location was not included in 
the present analysis. The decision to only include the unadjusted data in the present study is 
also guided by the findings of Powell and colleagues. They recommend that PA research could 
be “strengthened through increased reporting of unadjusted values and determination of 
standard covariate adjustments to increase transparency and to facilitate direct quantitative 
comparison and integration of available data” (Powell et al. 2018, pg. 391). 
Whilst it is well established that cardiometabolic health benefits increase with the 
intensity of activity (Owens et al. 2017), research within adolescent populations has shown that 
the total volume of PA tends to decrease with increasing PA intensity (Poitras et al. 2016; 
Verswijveren et al. 2018). This is the case within the current study, participants accumulated 
on average, 9.79, 1.09 and 0.85 hours of sedentary time, LIPA and MVPA over the measured 
week respectively. The overall daily average of waking sedentary time accumulated by the 
participants in the present study aligns with previous data that has used the activPAL device 
and reports that adolescents spend approximately 9.6-11 hours of their waking day in sedentary 
pursuits (Dowd et al. 2012a; Contardo Ayala et al. 2019). For LIPA, the overall daily average 
reported here is somewhat lower than the absolute values presented by previous studies 
(Martínez-Gómez et al. 2009; Mitchell et al. 2012b). This may relate to differences in the 
methodologies used to assess LIPA (see section 2.7 literature review). The overall daily 
average of MVPA (~51 minutes) accumulated by the participants is consistent with previous 




(Hebert et al. 2015; Marques et al. 2016; Koorts et al. 2019; Sprengeler et al. 2019; Gavin et 
al. 2020). Additionally, the majority of the participants in this study did not achieve the average 
recommended guidelines for PA and gender differences were apparent, with males 4.5 times 
more likely to meet the guidelines than females (Marques et al. 2016; Telford et al. 2016).  
Taken together, these findings are worrying, given that there is now evidence to suggest 
that the onset and clustering of metabolic syndrome risk factors is inversely related to time 
spent in MVPA (Neto et al. 2014). In addition, there is now evidence to suggest that the amount 
of PA necessary to prevent the clustering of cardiometabolic risk factors in adolescents should 
be between 88-90 minutes of daily MVPA rather than the 60 minutes per day recommendation 
(Andersen et al. 2006; Neto et al. 2014). The high levels of sedentary time achieved during 
waking hours coupled with low proportions of youth achieving the PA guidelines reported here 
is of public health significance within the Irish context. Current reports estimate that the 
economic burden of physical inactivity is estimated at €132 million annually (Ding et al. 2016). 
Given the importance of reducing SB and increasing the time spent in PA for health 
maintenance and disease prevention during youth (Verswijveren et al. 2018), and the effect 
this will have in adulthood (Telama et al. 2014), a greater emphasis must be placed on 
decreasing the time spent in sedentary pursuits and increasing the levels of youth (particularly 
females) achieving the PA guidelines.  
While SB has emerged as a unique determinant of health in adult populations, the 
available evidence in adolescents has been less consistent (Verswijveren et al. 2018). In the 
present study, the adolescents who were more sedentary during waking hours showed 
significantly higher levels in some of the risk factors that were analysed (Diastolic BP, LDL-
C and fasting glucose). To date, the majority of published research in youth has reported null 
associations for accelerometer derived sedentary time with diastolic BP (Casazza et al. 2009; 
Gaya et al. 2009; Hsu et al. 2011; Bailey et al. 2012; Ekelund et al. 2012; Colley et al. 2013; 
de Moraes et al. 2013). The findings of the present study do however, concur with those 
reported by Ekelund et al. (2007) who observed that increased time spent sedentary was 
significantly and positively associated with diastolic BP. Compared to other blood lipids (TC, 
HDL-C, non-HDL-C and triglycerides), it appears that the association between LDL-C and 
device-based sedentary time has been examined to a much lesser extent within adolescents. 
The present findings conflict with the only other study that has examined these associations 
(Martínez-Gómez et al. 2010) and observed no significant association for LDL-C across 
sedentary time tertiles. The majority of published research examining the relationship between 




2008; Hsu et al. 2011; Bailey et al. 2012; Saunders et al. 2013). However, a recent review by 
Cliff and colleagues determined that the association between objectively measured sedentary 
time and glucose levels in adolescent populations is inconclusive (Cliff et al. 2016). The 
findings of the present study coincide with those presented by Martinez-Gomez and colleagues 
(2010), showing that adolescents who spend more time engaged in sedentary activities, have 
higher levels of glucose than those who spent less time sedentary.  
Although the findings of the present study did not show any associations between 
sedentary time and measures of obesity, the results obtained indicate that the time spent in 
sedentary activities can play an important role in the development for cardiovascular disease 
and type 2 diabetes in 14-19 year-old adolescents. This makes a novel contribution to the 
literature. It is possible that the disparities observed between the present and previously 
mentioned studies may be explained by differences in the way sedentary time was measured. 
For example, the previously mentioned studies that have assessed these associations have relied 
on accelerometer count-to-activity thresholds which may not be sensitive enough to 
differentiate between sitting and standing (Ridgers and Fairclough 2011). The increased 
accuracy of the activPAL device for measuring sedentary time as well as its ability to 
accurately, differentiate sitting from standing, may make it more suitable for quantifying the 
associations between sedentary time and cardiometabolic health indices (Edwardson et al. 
2020). Nevertheless, the results suggest the need to keep in mind a reduction in sedentary time 
as an additional strategy in the prevention of the premature development of cardiometabolic 
risk in youth. Future studies should apply similar methods (i.e., with devices that can 
distinguish between sitting and standing) to confirm the present findings and to provide a more 
accurate representation of the health impact of sedentary time in adolescents.  
Turning to sedentary bout durations, limited research has accurately examined whether 
the pattern of SB accumulation during adolescence impacts cardiometabolic health 
(Verswijveren et al. 2018). The present findings show that those who engaged in the upper 
tertile of sedentary bouts of less than 20 minutes in duration displayed significantly higher 
handgrip strength and cardiorespiratory fitness. The time spent in prolonged sedentary bouts 
greater than 60 minutes was significantly detrimentally associated with handgrip strength and 
diastolic BP. No associations were present between any of the other body composition and 
blood lipid risk factors and the time spent in sedentary bouts. The study of SB patterns is an 
emerging concept and there exists no consensus on what defines a sedentary bout period (i.e., 
no minimum duration), despite this, some of these findings concur with previous literature. For 




various bouts and patterns of objectively measured SB with markers of glucose metabolism, 
measures of adiposity, or blood lipids (Verswijveren et al. 2018).  
Whilst the observed associations between sedentary bout patterns and cardiometabolic 
health markers add significantly to previous literature, what is now needed is a consensus on 
how to measure and define sedentary patterns. Presently, the most commonly assessed bout 
durations within youth research include the time spent in sedentary bouts ≥ 20 minutes and ≥ 
30 minutes (Verswijveren et al. 2018). There appears to be a scarcity of literature examining 
the association between short (< 20 minutes) and very prolonged (> 60 minutes) sedentary 
periods and cardiometabolic health during adolescence (Gába et al. 2020). To aid 
comparability between studies, there is a need to establish acceptable bout duration definitions 
for assessing sedentary patterns. Such information will serve to strengthen our existing limited 
knowledge, will enable data harmonisation when defining sedentary bouts and in time can be 
used to inform more effective interventions to delineate the impact of SB accumulation on the 
health sequelae of adolescents. 
For standing time, only systolic and diastolic BP were significantly associated. To the 
authors’ knowledge, this is the first study to isolate standing time using a device-based measure 
to quantify standing time, thus comparisons with other research studies is difficult. Although 
it would appear that sedentary time is detrimental to indices of cardiometabolic health (i.e., 
BP), these findings suggest that promoting standing time (a message that has become 
increasingly popular in recent years) may not be the most effective strategy to augment 
cardiometabolic health in adolescents. The present findings suggest that a movement element, 
as seen with LIPA and MVPA, is required to better elicit cardiometabolic health benefits, 
something that has been previously suggested through sitting intervention studies (Sisson et al. 
2013; Penning et al. 2017). 
When comparing between LIPA tertiles and cardiometabolic health markers, the results 
of the present study indicate that higher levels of LIPA promote better metabolic profiles in 
adolescents. Findings from existing research are inconsistent. The results reported do however 
concur with some of those reported within the adolescent literature. LIPA has been shown to 
be beneficially associated with sum-of-skinfold thickness (Kwon et al. 2011; Dowd et al. 
2014), cardiorespiratory fitness (Ekelund et al. 2007; Bailey et al. 2012) and diastolic BP 
(Ekelund et al. 2007; Carson et al. 2013b). In conflict to the findings reported in previous 
research (Butte et al. 2007; Ekelund et al. 2007; Bailey et al. 2012; Carson et al. 2013b), a 
significant association between the time spent in LIPA with TC and triglycerides levels was 




activity behaviours (i.e., standing and LIPA) with indices of cardiometabolic health, however, 
Eta squared effect sizes as low as 0.02 were observed (e.g., for the association between LIPA 
and triglycerides). This essentially means that despite the PA behaviour being associated with 
the health outcome, only 2% of the variance in triglyceride levels could be explained by LIPA. 
This finding is important when trying to ascertain if engagement in certain activity behaviours 
can influence a clinically meaningful change in risk factors for cardiometabolic health. The 
associations between diastolic BP with LIPA and sedentary bouts > 60 minutes appear to be 
biologically meaningful. Eta squared effect sizes highlighted that 12% and 6% of variance in 
diastolic BP could be explained by LIPA and sedentary bouts > 60 minutes respectively. This 
suggests that increasing the time spent in LIPA and reducing the time spent in prolonged 
sedentary bouts may have important implications for public health.  
Unexpectedly, the findings of this study showed that those who accumulated more time 
in LIPA and sedentary bouts of < 20 minutes had a significantly higher WHR and lower HDL-
C. These findings for LIPA (Butte et al. 2007; Carson et al. 2013b), waking sedentary time and 
short sedentary bouts (Martínez-Gómez et al. 2010; Cliff et al. 2014) directly conflict with 
previous literature. There are many potential reasons that may contribute to these unexpected 
findings. This study was cross-sectional in nature with cardiometabolic health indicators 
obtained during one time point only and the majority of the included participants had high 
HDL-C values, which potentially confounded the results. The inclusion of WHR as assessed 
(visually) by the perimeter of the waist and the hip may not have been the best indicator of 
obesity for this young cohort, as it is highly influenced by the distribution of one’s body fat. 
Whilst every effort was made to include a stratified sample of Irish adolescents, our final 
sample represented a group of “healthy” adolescents of similar age from one geographical 
region. The sample size is relatively small and thus, may be underpowered. If participants 
(especially overweight participants) altered their SB and LIPA patterns in response to wearing 
the activPAL device, this may have influenced the results given that the clinical performance 
for each health measure was ranked per activity behaviour tertiles.  
The time spent in MVPA was significantly associated with handgrip strength, 
cardiorespiratory fitness, diastolic BP and triglycerides. A key finding from the present study 
is however that some of the associations reported for LIPA were significantly larger than those 
observed for MVPA. When compared to the time spent in MVPA, the time spent in LIPA had 
larger associations with handgrip strength (F = 3.713 v 14.471), cardiorespiratory fitness (F = 
5.547 v 20.605), diastolic blood pressure (F = 3.618 v 15.198) and triglycerides (F= 3.119 v 




cardiometabolic health remains unclear (Carson et al. 2013b). While participating in 60 
minutes or more of MVPA is desirable for health, this may not be achievable for adolescents.  
The present results suggest that certain cardiometabolic risk factors can be improved 
through increased participation in LIPA and that the magnitude of the improvements that can 
be achieved for these cardiometabolic risk factors may be similar to those observed for MVPA. 
Collectively, these findings potentially have important public health implications. LIPA may 
be more readily attainable and easier to promote than activities that are of moderate intensity, 
especially for adolescents (more so females) who currently do not meet the recommended 
guidelines (Bailey and Locke 2015; Verloigne et al. 2017). While the current findings are 
promising, it must be noted that this is the first study to use a device-based measure to 
accurately quantify LIPA in a mixed adolescent population. Further research, including 
experimental and dose-response studies that incorporate accurate measures of LIPA, are 
required to confirm, and build upon these findings. Such information should be used to 
underpin recommendations for the introduction of LIPA recommendations alongside the 
existing MVPA recommendations and could be used to inform interventions among inactive 
adolescents. 
8.5 Strength and Limitations 
A strength of this study was the use of a stratified, randomly selected mixed adolescent 
population and the range of cardiometabolic risk factors that were measured and examined. 
Risk factors pertaining to body composition, muscle strength, cardiorespiratory fitness, lipids, 
glucose, and BP were all collected. This allowed for a comprehensive investigation into the 
associations between the free-living activity behaviours and risk factors for cardiometabolic 
health. The methods employed to quantify free-living activity behaviours and the collection of 
fasting blood samples in a mixed adolescent population is an added strength. The activPAL 3 
micro was used as it was readily available to the main researcher while it has also been deemed 
the gold-standard for the measurement of habitual SB. A population specific free-living count-
to-activity threshold developed and validated (see Chapter Five) for the determination of 
MVPA was used within the present analysis. This enabled the accurate quantification of 
sedentary time, standing time, LIPA and MVPA from one single monitor. Differentiating each 
activity behaviour across tertiles is an added strength as it allowed for interpretation of the data 
beyond the mean, which is more relevant in the context of cardiometabolic health risk. In 




sedentary bouts < 20 minutes, 20-60 minutes and > 60 minutes were calculated, allowing for 
their association with risk factors for cardiometabolic health to be determined.  
The limitations of this study must be acknowledged. A major limitation is the cross-
sectional design, precluding causal inferences. Although every effort was made to randomly 
select participants, the study sample was small and the included participants were classified as 
being healthy. There were two testing periods for this study, spring/summer and 
autumn/winter; five of the eight schools were tested during the autumn/winter period thereby 
potentially introducing bias into the results. While accelerometers are promoted for use in 
adolescent PA research, they may not capture all activities that adolescents partake in, such as 
swimming, cycling and load-bearing activity. Another limitation is participants’ reactivity to 
wearing the device. While efforts were made to instruct participants not to alter their activity 
behaviour in response to wearing the device there is the possibility that participants 
intentionally altered their activity behaviours (especially standing, LIPA and MVPA). 
Although some statistical adjustments have been made, residual confounding may remain. The 
present study did not adjust for clustering at the school level and this must be acknowledged 
as a potential limitation. The majority of other research studies have included covariates such 
as socio-economic status, stage of pubertal development and parental health status. The use of 
covariates could add strength to the findings presented, although it may not be appropriate 
given the sample size presented. Following discussions with the biostatistician, as this was an 
exploratory analysis of observational data and not a confirmatory analysis of a clinical trial, 
the p-values determined from the ANOVA analysis were not adjusted for multiple testing.  
8.6 Conclusion  
Through use of a wearable monitor that accurately distinguishes between sitting and standing 
behaviours, this study has provided a more robust estimate of the time spent sedentary, 
standing, in LIPA and in MVPA. The findings suggest that interventions to increase LIPA may 
be an effective strategy for improving cardiometabolic health in adolescents. The lack of 
association with standing time merits more research attention and lends support to the claim 
that an intensity element is required to elicit a better cardiometabolic profile. Taken together, 
the results suggest that targeting MVPA alone may not be the most effective strategy to 
improve cardiometabolic health in adolescents. Reducing prolonged bouts of sitting time and 
increasing the time spent in LIPA may be a better and more effective approach. Further 




groups is required before we can inform the development of targeted interventions to address 


















































Chapter Nine – An Examination of the Effects of Specific Activity 
Compositions and Activity Reallocations across the 24-hr Cycle 
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To date, the most commonly studied movement behaviours in relation to health are, PA, sleep, 
and SB. The research on PA for health in adult populations is well established with studies 
dating back to the early 1950’s (Paffenbarger et al. 1986) The role of SB as an “independent” 
risk factor for health emerged in the late 1990’s and early 2000’s (Owen et al. 2010). It is only 
very recently that PA epidemiology has joined forces with sleep epidemiology in an effort to 
consider the time spent in all movement behaviours across the entire 24-hour day (Dumuid et 
al. 2020). 
Within the research literature on adolescent physical behaviours, there is some evidence 
to suggest that PA and SB are “independently” associated with indices of health (Janssen and 
LeBlanc 2010; Tremblay et al. 2011b). Traditionally, youth PA research has focused on the 
role of MVPA for health however, more recently, the role of LIPA has been given increased 
attention (Kwon et al. 2011; Carson et al. 2013b; Dowd et al. 2014). In fact, LIPA has been 
shown to be beneficially associated with measures of adiposity (Dowd et al. 2014), 
cardiorespiratory fitness (Bailey et al. 2012) and indices of cardiometabolic health 
(Verswijveren et al. 2018) during youth. Similarly, increased interest has also been paid to the 
role of SB and its association on health during youth (Tremblay et al. 2011b; Carson et al. 
2016c; Verswijveren et al. 2018). The increased research attention given to both LIPA and SB 
has led to their inclusion in the most recent WHO PA guidelines (Bull et al. 2020). More 
recently still, a shift has seen sleep included in the 24-hour movement guidelines released for 
Canada (Tremblay et al. 2016), Australia (Okely et al. 2017), New Zealand (New Zealand 
Ministry of Health, 2017), South Africa (Draper et al. 2020), Finland (UKK Institute for Health 
Promotion Research, 2019) and by the WHO (World Health Organization 2019) which 
integrate PA, SB and sleep. The inclusion of sleep within the 24-hour movement guidelines for 
youth is essential, as there is strong evidence to suggest that sleep is associated with academic 
achievement, emotional regulation and indices of cardiometabolic health in child and 
adolescent populations (Chaput et al. 2016). 
The conceptual framework for an integrated 24-hour time use epidemiology paradigm 
rather than individual behaviour paradigms is based on the premise that rather than achieving 
a single PA recommendation (i.e., 60 minutes of MVPA), achieving certain combinations of 
movement behaviours may contribute more fully to youth health (Chaput et al. 2014). This 
concept is consistent with the belief that in order to thoroughly understand associations between 
movement behaviours and health outcomes, the effects of sleep, sedentary time and PA should 




most of the literature that has investigated the association between combinations of movement 
behaviours and health is that it has used statistical approaches that treat movement behaviours 
independently of each other thereby ignoring the intrinsic and empirical interactions between 
these behaviours (Pedišić 2014; Chastin et al. 2015b; Janssen et al. 2020). The finite nature of 
a single day necessitates that movement behaviours do not occur independent of each other, 
they are mutually exclusive (Pedišić 2014; Chastin et al. 2015b). This means that if the time 
spent in a movement behaviour changes, that change must be offset by an equal and opposite 
change in some combination of the remaining movement behaviours (Pedišić 2014; Chastin et 
al. 2015b). Thus, movement behaviour data can be considered as compositional (Powell et al. 
2020). 
Compositional data analysis (CoDA) is an alternative statistical method that is used to 
deal directly with the fundamental nature of movement behaviour data, which are intrinsically 
compositional (Pedišić 2014). Although CoDA has been used in a range of other disciplines 
for many years (Aitchison 1982), it has only very recently been introduced for movement 
behaviour data (Chastin et al. 2015b). Briefly, CoDA deals with data that are mutually 
exclusive and are exhaustive parts of a finite whole (Aitchison 1982). A single day is a 
composition of the time spent in movement behaviours including sleep, sedentary time, 
standing time, LIPA and MVPA. Accordingly, movement behaviours exist in a sample space, 
which is constrained by a daily constant sum of 1440 minutes, which in turn imposes perfect 
multi-collinearity among behaviours (Chastin et al. 2015b). The sample space occupied by 
compositional data is referred to as the Simplex. It uses Aitchison geometry which differs to 
traditional multivariate statistical methodologies designed to operate in unconstrained, Real 
space governed by Euclidean geometry (Aitchison 1982).  
Using the CoDA principles set forth by Aitchison, Chastin et al. (2015b) showed that 
compositional movement behaviour data could be transferred to the unconstrained Real space 
using isometric log-ratio transformation. Once the compositional data are expressed as 
isometric log-ratio co-ordinates, traditional statistical analysis techniques such as multiple 
linear regression can be applied. From a movement behaviour perspective, CoDA deals with 
each movement behaviour that is a proportion of a finite whole (i.e. 1440 minutes in this case) 
and can only be used to full effect when all components of the composition have been measured 
(sleep, sedentary time, standing time, LIPA and MVPA) (Powell et al. 2020). This approach 
accounts for the collinear and co-dependant interactions between movement behaviours 




movement behaviour relative to the remaining behaviours and not independent of those 
behaviours (Powell et al. 2020).  
Recently, using a CoDA approach, Fairclough et al. (2017) investigated the 
associations between fitness, fatness and accelerometer derived 24-hour movement behaviours 
among a sample of 169 children aged between 9 and 10 years. The findings highlighted that 
reallocating MVPA with any other movement behaviour around the mean movement 
composition predicted higher adiposity and lower cardiorespiratory fitness and when reversed 
the log-ratio model predictions were asymmetrical. The findings of this study provide support 
for the continued promotion of MVPA while also advocating that young people should try to 
reallocate the time spent in SB and LIPA to MVPA across different environments. Using a 
similar approach Carson and colleagues showed that based on statistical modelling replacing 
MVPA with any other movement behaviour has the largest negative effect on health. The 
findings showed that sleep duration (relative to the other behaviours) was negatively associated 
with zBMI (0.93 units), waist circumference (0.11 units) and systolic BP (0.04 mmHg) (Carson 
et al. 2016). Dumuid and colleagues with data from the International Study of Childhood 
Obesity, Lifestyle and the Environment highlighted that a 30 minute increase in MVPA was 
associated with a 0.33 unit decrease in zBMI, however zBMI increased by 0.60 units with a 30 
minute decrease in MVPA (Dumuid et al. 2018). In an older adult population, Powell et al. 
(2020) observed that standing and LIPA were significantly associated with markers of body 
composition (BMI, percentage body fat and fat mass).They observed that reallocating 30 
minutes from sleep, sedentary time or standing time was associated with significant decreases 
in BMI, body fat and fat mass (Powell et al. 2020). Taken together, the findings from these 
studies provide support for the importance of examining the time spent in other movement 
behaviours rather than just one single behaviour. 
To date, the few studies that have used CoDA have examined the health implications 
of sleep, sedentary time and PA only. While the promotion of regular PA is necessary for health 
in young populations, further evidence is required to identify the modifiable movement 
behaviours which confer the greatest health benefits to inform future policy and intervention. 
No study to date has applied CoDA to all components of movement behaviour (i.e., sleep 
duration, sedentary time, standing time, LIPA and MVPA) in an adolescent population. 
Therefore, the primary aims of this chapter were to: (i) examine whether the activity 
composition was associated with cardiometabolic health indicators in a mixed adolescent 
population; and, (ii) to examine the predicted changes among these health indicators when a 




9.2 Methods Section 
This study uses the data collected in the study described in Chapter Eight. A detailed 
description of the study design and methodologies used are presented in the Chapter Eight 
methods section. The wear protocol, data cleaning and data processing methods used for the 
activPAL is provided in Chapter Five. A detailed description of the statistical analysis methods 
used within the present study are described next.  
9.2.1 Statistical Analysis 
Standard exploratory and descriptive statistics were calculated using R version 3.4.2 (R 
Development Core Team, Vienna, Austria). Compositional data analysis was undertaken using 
the following R packages: (i) Compositions; (ii) robCompositions; and, (iii) lmtest. 
Compositional descriptive statistics were calculated to include the compositional geometric 
means and a variation matrix for the included movement behaviours. The compositional 
geometric mean, a measure of central tendency was derived by calculating the geometric mean 
of the time spent in each movement behaviour after the movement behaviours had been 
adjusted to collectively sum to 1440 minutes. The adjustment to 1440 minutes accounts for 
non-wear time. The variation matrix, a measure of dispersion was derived by calculating the 
variances of the logarithms of all possible pairwise ratios. A compositional geometric mean 
bar plot was derived to display the relative movement behaviours for BMI categories as a 
selected health indicator (Figure 9.1.). For each movement behaviour, a log contrast was 
derived using the compositional geometric mean of the specific BMI subgroup (e.g., 
overweight) and the compositional geometric mean of the entire population for each movement 
behaviour (e.g., ln (BMIsubgroup/SBtotalsample)).  
 Multiple Linear regression models using compositional methods were undertaken to 
examine the associations of movement behaviours and participant covariates (explanatory 
variables) on each cardiometabolic health indicators (dependent variable; BMI, sum-of-
skinfold thickness, WHR, cardiorespiratory fitness, grip-strength, systolic BP, diastolic BP, 
TC, LDL-C, HDL-C, triglycerides and glucose). Following discussions with the biostatistician, 
it was agreed to adopt a compositional approach based on isometric log-ratio (ilr) 
transformation, which adjusts models for time spent in the other physical behaviours. The log-
ratio methodology allows the use of standard statistical methods on the transformed data and 
then back-transforms results into the original units. For the present analysis, each participant’s 
physical behaviours were transformed into five isometric log-ratio (ilr/ln) coordinates. The 
default ilr transformation from the R Compositions package was used and the same ilr 




The proportions were adjusted to sum to 1440 for interpretation as minutes/day. The models 
examined the association between the time spent in each movement behaviour on each health 
indicator relative to the time spent in the other movement behaviours. The models first 
coefficient and its p value were used to determine if the individual movement behaviour was 
significantly, positively or negatively associated with each health indicator, relative to the time 
spent in the other movement behaviours. The model adjusted R2 (R2adj) indicated how much of 
the variance was explained by the composition. The isometric log-ratio multiple linear 
regression models were checked for linearity, normality, homoscedasticity and outliers to 
ensure assumptions were not violated. The presence of zeros in a compositional dataset 
prohibits the application of log-ratio coordinates. To accommodate this issue, where zero 
values were present among the compositional daily movement behaviour, data were replaced 
by very small values as per current best practice procedures (Chastin et al. 2015b) 
 The ilr multiple linear regression models were used to predict differences in the health 
indicator variables associated with the reallocation of a fixed duration of time between two 
movement behaviours, while keeping the remaining behaviours constant. For example, the ilr 
model was used to estimate diastolic BP levels at a baseline composition (e.g., the mean 
habitual movement behaviour composition) and subsequently at new compositions (e.g., LIPA 
= mean LIPA time + 30 minutes, sedentary time = mean sedentary time – 30 minutes, MVPA 
= Mean MVPA, standing = mean standing time, sleep = mean sleep time). The estimated 
absolute differences in diastolic BP levels were derived using predictions from the model (i.e., 
estimated difference in diastolic BP levels = estimated diastolic BP level at new composition 
– estimated diastolic BP level at baseline composition). These ilr differences (each representing 
a 30-minute reallocation between two behaviours) were used in the multiple linear regression 
models to determine the estimated predicted differences (95% Confidence Intervals (95% CI)) 
in the measured health indicators. This procedure was repeated for all possible pairwise 
combinations of movement behaviours on each health indicator.  
 All regression models were adjusted for covariates (explanatory variables). The models 
that included BMI, sum-of-skinfold thickness and WHR were adjusted for age, sex and school 
location (urban, rural). The remaining regression models were adjusted for age, sex, school 
location and BMI. The significance of the daily activity behaviour composition (i.e., the set of 
ilr coordinates) and other explanatory variables was examined by assessing the analysis of 





Of the 261 participants who wore the activPAL device, one participant lost their device. When 
activPAL data were initially downloaded, output files for 17 participants were either corrupted 
or it was clear that participants had not worn the device. Seventeen participants provided less 
than four days of valid movement data and a further four participants did not supply 
supplementary health data. The final analysis included 222 (49.5 % males) data sets. In 
accordance with the Centres for Disease Control and Prevention reference BMI percentile data 
(Ogden et al. 2002), twelve participants (5.4 %) were classified as underweight, 176 (79.2 %) 
were classified as having normal weight, 22 (9.9%) participants were classified as overweight 
and 12 (5.4%) participants were classified as obese. Over 80% of the population provided seven 
days of valid accelerometer data. The average daily wear time for the included participants was 
23.9 hours (± 0.2). Table 9.1. displays full descriptive statistics for participants included in this 
analysis. 
 
Table 9.1. Descriptive characteristics for the included participants. 
Variable N Mean (SD) 
Age (years) 222 16.3 (0.9) 
Height (m) 222 1.7 (0.1) 
Mass (Kg) 222 69.0 (12.9) 
BMI (Kg/m-2) 222 23.4 (3.7) 
Sum-of-Skinfold Thickness (mm) 222 47.1 (21.0) 
Total Cholesterol (mmol/L) 216 4.0 (0.7) 
HDL Cholesterol (mmol/L) 217 1.3 (0.3) 
LDL Cholesterol (mmol/L) 217 2.2 (0.6) 
Triglycerides (mmol/L) 216 0.8 (0.3) 
Glucose (mmol/L) 217 4.8 (0.3) 
Systolic Blood Pressure (mmHg) 222 123.2 (13.8) 
Diastolic Blood Pressure (mmHg) 222 68.7 (9.4) 
Handgrip Strength (Kg) 221 28.4 (8.8) 
Cardiorespiratory Fitness Score (ml.kg.min-1) 200 43.5 (8.8) 
 
Compositional means for movement behaviours for all of the included participants are 
shown in Table 9.2. The compositional means indicated that approximately 37% of the 24-hour 






Table 9.2. Geometric means (percentage of a 24-hour day) for sleep, sedentary time, standing 
time, LIPA and MVPA in minutes per day. 
Behaviour Geometric Mean (%) 
Sleep 533.9 (37.08) 
Sedentary Time 589.22 (40.92) 
Standing Time 200.34 (13.91) 
LIPA 65.61 (4.56) 
MVPA 50.93 (3.54) 
The variability of the data for the included participants is presented in the compositional 
variation matrix (Table 9.3). A variance close to 0 implies that time spent in the corresponding 
behaviours are nearly proportional, hence, there is a high co-dependency (in proportionality 
terms) between them. For example, the co-dependence of one behaviour with itself is perfect 
and, hence, the corresponding log-ratio variance (on the diagonal of the variation matrix) is 
zero. The smallest variances were observed for sleep and sedentary time, sleep and standing 
time and for standing time and LIPA. These values of < 0.09 imply high co-dependency 
between each pair of variables. The highest log-ratio variance value was observed 
MVPA/sedentary time (0.447), reflecting low co-dependency between the behaviours. It can 
be observed that the highest variance values all involve MVPA, highlighting that time spent in 
MVPA is the least co-dependant on the other behaviours.  
 
Table 9.3. Compositional variation matrix of the time spent in sleep, sedentary time, standing 
time, LIPA and MVPA. 
  Sleep Sedentary Time Standing Time LIPA MVPA 
Sleep  0 0.032 0.084 0.114 0.388 
Sedentary Time 0.032 0 0.117 0.149 0.447 
Standing Time 0.084 0.117 0 0.087 0.354 
LIPA 0.114 0.149 0.087 0 0.3 
MVPA 0.388 0.447 0.354 0.3 0 
 
The composition of habitual movement behaviours grouped by BMI is presented in 
Figure 9.1. BMI sub-groups included were underweight (< 5th percentile [< 18.3 kg/m-2]), 
normal or healthy weight (5th to < 85th percentile [18.3-27.4 kg/m-2]), overweight (85th to < 
95th percentile [27.4-30.8 kg/m-2]), and obese (≥ 95th percentile [> 30.8 kg/m-2]). The 
underweight and overweight groups had higher MVPA relative to the entire sample, with the 





Figure 9.1. Composition of habitual movement behaviours grouped by BMI. Each bar represents the geometric mean of the specific group (for 
example underweight) expressed in terms of a ratio measured on a logarithmic scale (as expressed on the y axis) to the geometric mean of the 




9.3.1 Compositional Multiple Linear Regression Models for Anthropometric Outcome 
Variables 
The results of the compositional multiple linear regression models for anthropometric 
variables, which include ilr co-ordinates adjusted for age, sex and school location, are presented 
in Table 9.4. The regression co-efficient of the first ilr co-ordinate contained all the information 
regarding the first movement component, relative to the geometric mean of the remaining 
components. Only the regression coefficient corresponding to the first ilr component is 
presented within the table. Increased MVPA (β = 1.217; relative to the remaining behaviours) 
was associated with increased BMI. The association between LIPA (relative to the remaining 
behaviours) and BMI was in the expected direction but only approached significance. Increased 
LIPA was associated with decreased sum-of-skinfold thickness (β = -13.981; relative to the 
remaining behaviours). The analysis of variance of multiple linear regression model parameters 
indicated that the daily activity behaviour composition (expressed as ilr coordinates) was not a 
statistically significant predictor of BMI (p = 0.05) the sum-of-skinfold thickness (p = 0.13) or 
WHR (p = 0.65).  
9.3.2 Compositional Multiple Linear Regression Models for Cardiometabolic Health 
Outcomes 
Compositional multiple linear regression models for the remaining cardiometabolic health 
indicators are presented in Table 9.5. The ilr co-ordinates were adjusted for age, sex, school 
location and BMI. Increased sedentary time was associated with decreased handgrip strength 
(β = -5.413, relative to the remaining behaviours). Increased standing time was associated with 
lower LDL-C (β = -0.384, relative to the remaining behaviours). Increased LIPA was 
associated with decreased diastolic BP (β = -8.335, relative to the remaining behaviours). 
Increased MVPA was associated with higher HDL-C (β = -0.113, relative to the remaining 
behaviours) and lower triglyceride levels (β = 0.073, relative to the remaining behaviours). The 
models fit to the data highlighted that a large amount of variance was explained for handgrip 
strength (R2adj = 0.62) and a moderate amount of variance was explained for systolic BP (R
2
adj 
= 0.25) and HDL-C (R
2
adj = 0.24). Less variance was explained by the models for triglycerides 
(R2adj = 0.15) and very little for total cholesterol (R
2
adj = 0.05) and LDL-C (R
2
adj = 0.04). The 
analysis of variance of multiple linear regression model parameters indicated that the daily 
activity behaviour composition (expressed as ilr coordinates) was a statistically significant 






Table 9.4. Multiple linear regression analysis of the relationship between ilr coordinates and 
the anthropometric indicators.  
ilr Regression Models β SE Statistic p Value 
BMI     
ilr / ln (Sleep: geometric mean of remaining behaviours) -0.779 1.988 -0.392 0.696 
ilr / ln (Sedentary: geometric mean of remaining behaviours) -0.099 1.636 -0.061 0.952 
ilr / ln (Standing: geometric mean of remaining behaviours) 1.985 1.199 1.656 0.099 
ilr / ln (LIPA: geometric mean of remaining behaviours) -2.323 1.18 -1.968 0.050 
ilr / ln (MVPA: geometric mean of remaining behaviours) 1.217 0.524 2.322 0.021 
Sum-of-Skinfold Thickness     
ilr/ ln (Sleep: geometric mean of remaining behaviours) 4.08 10.497 0.389 0.698 
ilr / ln (Sedentary: geometric mean of remaining behaviours) -3.535 8.638 -0.409 0.683 
ilr / ln (Standing: geometric mean of remaining behaviours) 8.355 6.328 1.32 0.188 
ilr / ln (LIPA: geometric mean of remaining behaviours) -13.981 6.231 -2.244 0.026 
ilr / ln (MVPA: geometric mean of remaining behaviours) 5.081 2.767 1.837 0.068 
Waist-to-Hip Ratio     
ir / ln (Sleep: geometric mean of remaining behaviours) -0.013 0.024 -0.533 0.595 
ilr / ln (Sedentary: geometric mean of remaining behaviours) 0.002 0.019 0.106 0.916 
ilr / ln (Standing: geometric mean of remaining behaviours) 0.005 0.014 0.368 0.713 
ilr / ln (LIPA: geometric mean of remaining behaviours) -0.003 0.014 -0.204 0.839 
ilr / ln (MVPA: geometric mean of remaining behaviours) 0.008 0.006 1.309 0.192 
Model adjusted for age and sex and school location. Significant associations are shown in bold. 
ilr: Isometric log-ratio; BMI: Body mass index transformed, β: Unstandardised regression coefficient 
estimate, SE: Standard error; LIPA: Light-Intensity physical activity; MVPA: Moderate-to-vigorous 


















Table 9.5. Multiple linear regression analyses of the relationship between the ilr coordinates 
and cardiometabolic health indicators. 
ilr Regression Models β SE Statistic p Value 
Handgrip Strength     
ilr / ln (Sleep: geometric mean of remaining behaviours) 2.185 2.956 0.739 0.461 
ilr / ln (Sedentary: geometric mean of remaining behaviours) -5.413 2.426 -2.232 0.027 
ilr / ln (Standing: geometric mean of remaining behaviours) 1.954 1.788 1.093 0.276 
ilr / ln (LIPA: geometric mean of remaining behaviours) 1.605 1.768 0.908 0.365 
ilr / ln (MVPA: geometric mean of remaining behaviours) -0.331 0.789 -0.420 0.675 
Cardiorespiratory Fitness     
ilr / ln (Sleep: geometric mean of remaining behaviours) -2.826 3.189 -0.886 0.377 
ilr / ln (Sedentary: geometric mean of remaining behaviours) 2.524 2.617 -0.965 0.336 
ilr / ln (Standing: geometric mean of remaining behaviours) 0.285 1.926 0.148 0.882 
ilr / ln (LIPA: geometric mean of remaining behaviours) 3.927 1.928 2.037 0.043 
ilr / ln (MVPA: geometric mean of remaining behaviours) 1.138 0.833 1.365 0.174 
Systolic Blood Pressure     
ilr / ln (Sleep: geometric mean of remaining behaviours) 8.830 6.486 1.361 0.175 
ilr / ln (Sedentary: geometric mean of remaining behaviours) -4.867 5.336 -0.912 0.363 
ilr / ln (Standing: geometric mean of remaining behaviours) -1.674 3.934 -0.426 0.671 
ilr / ln (LIPA: geometric mean of remaining behaviours) 0.943 3.884 0.243 0.808 
ilr / ln (MVPA: geometric mean of remaining behaviours) -3.232 1.730 -1.868 0.063 
Diastolic Blood Pressure     
ilr / ln (Sleep: geometric mean of remaining behaviours) 3.540 4.597 0.770 0.442 
ilr / ln (Sedentary: geometric mean of remaining behaviours) 7.039 3.781 1.862 0.064 
ilr / ln (Standing: geometric mean of remaining behaviours) -3.235 2.788 -1.161 0.247 
ilr / ln (LIPA: geometric mean of remaining behaviours) -8.335 2.752 -3.029 0.003 
ilr / ln (MVPA: geometric mean of remaining behaviours) 0.992 1.226 0.809 0.420 
Total Cholesterol     
ilr / ln (Sleep: geometric mean of remaining behaviours) -0.027 0.388 -0.07 0.944 
ilr / ln (Sedentary: geometric mean of remaining behaviours) 0.376 0.319 1.181 0.239 
ilr / ln (Standing: geometric mean of remaining behaviours) -0.392 0.234 -1.676 0.095 
ilr / ln (LIPA: geometric mean of remaining behaviours) 0.113 0.229 0.492 0.623 
ilr / ln (MVPA: geometric mean of remaining behaviours) -0.07 0.102 -0.684 0.495 
HDL-Cholesterol     
ilr / ln (Sleep: geometric mean of remaining behaviours) -0.234 0.124 -1.889 0.060 




ilr / ln (Standing: geometric mean of remaining behaviours) 0.066 0.075 0.883 0.378 
ilr / ln (LIPA: geometric mean of remaining behaviours) -0.003 0.075 -0.035 0.972 
ilr / ln (MVPA: geometric mean of remaining behaviours) 0.073 0.033 2.205 0.029 
LDL-Cholesterol     
ilr / ln (Sleep: geometric mean of remaining behaviours) 0.011 0.31 0.036 0.972 
ilr / ln (Sedentary: geometric mean of remaining behaviours) 0.336 0.257 1.31 0.192 
ilr / ln (Standing: geometric mean of remaining behaviours) -0.384 0.188 -2.044 0.042 
ilr / ln (LIPA: geometric mean of remaining behaviours) 0.126 0.186 0.679 0.498 
ilr / ln (MVPA: geometric mean of remaining behaviours) -0.089 0.083 -1.078 0.282 
Triglycerides     
ilr / ln (Sleep: geometric mean of remaining behaviours) 0.165 0.168 0.977 0.33 
ilr / ln (Sedentary: geometric mean of remaining behaviours) 0.074 0.138 0.535 0.593 
ilr / ln (Standing: geometric mean of remaining behaviours) -0.146 0.102 -1.437 0.152 
ilr / ln (LIPA: geometric mean of remaining behaviours) 0.021 0.100 0.206 0.837 
ilr / ln (MVPA: geometric mean of remaining behaviours) -0.113 0.044 -2.562 0.011 
Glucose     
ilr / ln (Sleep: geometric mean of remaining behaviours) -0.177 0.178 -0.990 0.323 
ilr / ln (Sedentary: geometric mean of remaining behaviours) 0.287 0.148 1.946 0.053 
ilr / ln (Standing: geometric mean of remaining behaviours) 0.018 0.108 0.170 0.865 
ilr / ln (LIPA: geometric mean of remaining behaviours) -0.102 0.107 -0.955 0.341 
ilr / ln (MVPA: geometric mean of remaining behaviours) -0.027 0.048 -0.561 0.575 
Model adjusted for age, sex, school location and BMI. Significant associations are shown in bold. ilr: 
Isometric log-ratio; BMI: Body mass index transformed, β: Unstandardised regression coefficient estimate, 
SE: Standard error; LIPA: Light-Intensity physical activity; MVPA: Moderate-to-vigorous physical 
activity.  
9.3.3 Reallocating 30 minutes of Sedentary Time, Sleep and Standing time to LIPA. 
Table 9.6. presents the predicted differences in the cardiometabolic health indicators when 30 
minutes of activity were reallocated between pairs of movement behaviours, with the other PA 
behaviours remaining constant. The reallocation of 30 minutes of activity from sedentary time 
and sleep, to LIPA resulted in significantly lower predicted changes in the sum-of-skinfold 
thickness (4.57 and 4.94 mm, respectively), cardiorespiratory fitness (1.58 and 1.57 ml.kg.min-
1) and diastolic BP (3.15 and 3.00 mmHg, respectively) compared with the predicted mean 
values. When 30 minutes of standing time were reallocated to LIPA, BMI and the sum-of-
skinfold thickness was predicted to be 1.07 kg/ m-2 and 5.94mm lower, respectively, compared 




When opposite 30-minute reallocations (i.e., adding time to sedentary time, sleep and 
standing, at the expense of LIPA) were undertaken, the observed relationships were opposite, 
but asymmetrical. For example, the reallocation of 30 minutes of activity from LIPA, to 
sedentary time and sleep resulted in significantly higher predicted changes in the sum-of-
skinfold thickness (7.55 and 7.9 mm, respectively) and diastolic BP (4.9 and 4.77 mmHg, 
respectively) compared to the predicted mean values. BMI (1.53 kg/ m-2), the sum-of-skinfold 
thickness (8.75 mm) and diastolic BP (4.19 mmHg) were estimated to be significantly higher 
than the predicted mean when 30 minutes of LIPA were reallocated to standing. 
 
Table 9.6. Estimated mean predicted change (95% CI) in health indicators related to pairwise 
reallocations of 30 minutes of sleep, sedentary time and standing time to LIPA. 
  Sleep Sedentary time Standing 



























































































9.3.4 Reallocating 30 minutes of Sedentary Time, Sleep, Standing and LIPA to MVPA. 
Table 9.7. displays the predicted differences in the cardiometabolic health indicators when 30 
minutes of sedentary time, sleep and standing were reallocated with MVPA. The reallocation 
of 30 minutes of activity from sedentary time to MVPA, resulted in significantly higher BMI 
(0.51 kg/ m-2), and lower triglyceride levels (0.05mmol/L) compared with the predicted mean 
values. The reallocation of 30 minutes of activity from sleep to MVPA resulted in significantly 
higher BMI (0.55 kg/ m2), lower systolic BP (1.8 mmHg), higher HDL-C (0.04 mmol/L) and 
lower triglyceride levels (0.06 mmol/L) compared with the predicted mean values. Curiously, 
reallocating 30 minutes of activity from LIPA to MVPA predicted significant increases in BMI 
(1.79 kg/m-2), sum-of-skinfold thickness (9.82 mm) and diastolic BP (5.01 mmHg). This will 
be discussed below. No significant predicted mean differences were observed when standing 
time was reallocated with MVPA. When opposite 30-minute reallocations (i.e., adding time to 
sedentary time, sleep standing and LIPA, at the expense of MVPA) were undertaken, the 

































Table 9.7. Estimated mean predicted change (95% CI) in health indicators related to pairwise 
reallocations of 30 minutes of sleep, sedentary time and standing time to MVPA. 
  Sleep Sedentary time Standing 



















































































*Significant associations are shown in bold. 
9.3.5 Reallocating 30 minutes of Sedentary Time to Standing. 
The reallocating of 30 minutes of activity from sedentary time to standing time resulted in a 
predicted decrease in total cholesterol (0.07 mmol/L), LDL-C (0.06 mmol/L) and a predicted 
increase in handgrip strength (0.50 Kg), compared with the predicted mean values, with a near 
symmetrical relationship for the opposite allocation of time from standing time to sedentary 
time.  
9.3.6 Visual Representation 
Using diastolic BP and cardiorespiratory fitness as an example, Figure 9.2. and 9.3. illustrate 




the predicted difference in a health indicator, through reallocating the time spent in one 
behaviour to another. Figure 9.2a (top) illustrates the estimated differences in diastolic BP for 
each activity behaviour relative to the remaining activities. For example, in the first column 
(LIPA), the estimated diastolic BP is 2.98mmHg lower for 30 minutes more LIPA, compared 
with diastolic BP at the mean composition. Figure 9.2b (bottom) illustrates the estimated 
differences in diastolic BP related to pairwise reallocations of time from one activity behaviour 
(rows) to another (column). For example, row three, column one represents the estimated 
differences in diastolic BP by reallocating the time from sedentary time to LIPA, compared 
with diastolic BP at the mean composition. 
Figure 9.3a (top) illustrates the estimated differences in cardiorespiratory fitness for 
each activity behaviour relative to the remaining activities. For example, in the first column 
(LIPA), the estimated cardiorespiratory score is 1.22 ml.kg.min-1 higher for 30 minutes more 
LIPA, compared with cardiorespiratory fitness at the mean composition. Figure 9.3b. illustrates 
the estimated differences in cardiorespiratory fitness related to pairwise reallocations of time 
from one activity behaviour (rows) to another (column). For example, row three, column one 
represents the estimated differences in the cardiorespiratory fitness score by reallocating the 







Figure 9.2. (a) The relationship between daily behaviours and diastolic BP as estimated by 
compositional linear regression models. Difference in minutes modelled around the population 
mean composition. (b) The relationship between daily behaviours and diastolic BP as estimated 
by compositional linear regression models. Predictions based on reallocating each activity type 
for another. LIPA: Light-Intensity physical activity; MVPA: Moderate-to-vigorous physical 





Figure 9.3. (a) The relationship between daily behaviours and cardiorespiratory fitness as 
estimated by compositional linear regression models. Difference in minutes modelled around 
the population mean composition. (b) The relationship between daily behaviours and 
cardiorespiratory fitness as estimated by compositional linear regression models. Predictions 
based on reallocating each activity type for another. LIPA: Light-Intensity physical activity; 






The aim of the present study was to investigate the relationships between movement behaviours 
and indicators of cardiometabolic health in an adolescent population using the principles of 
CoDA. The study adds to the emerging body of literature by acknowledging and understanding 
the health implications of mutually exclusive movement behaviours over a finite 24-hour 
period. Furthermore, this is the first study that has included and accounted for device-measured 
estimates of sleep, sedentary time, standing time, LIPA and MVPA measured via an activPAL 
device in an adolescent population.  
The results demonstrated that the time spent in some movement behaviours were 
associated with indicators of cardiometabolic health. Relative to the other movement 
behaviours, increased sedentary time was associated with decreased handgrip strength and 
increased standing time was negatively associated with LDL-C. Increased LIPA was associated 
with significantly lower sum-of-skinfold thickness, higher cardiorespiratory fitness and lower 
diastolic BP. The observed association between LIPA and cardiorespiratory fitness (i.e., 
increased LIPA will improve cardiorespiratory fitness) seems biologically implausible and thus 
should be viewed with caution. One potential reason for this association may be that study was 
cross-sectional in nature with a cardiorespiratory assessment obtained in relatively active 
participants during one time point only and this may have influenced the results. MVPA was 
positively associated with BMI and HDL-C and was negatively associated with triglycerides. 
The findings pertaining to MVPA reinforce the importance of MVPA for the blood lipid profile 
of adolescents however; the positive association between MVPA and BMI is unexpected. 
Figure 9.1. displays the composition of habitual movement behaviours grouped by BMI for the 
entire population. From the graph, it is clear that relative to the entire study population those 
in the underweight and overweight categories displayed higher levels of MVPA.  
One of the advantages of the CoDA methodology is that it can estimate the health 
effects of movement behaviours using time reallocation modelling. In the present study, 
reallocating 30 minutes from sleep and sedentary time to LIPA was associated with a predicted 
improvement in the sum-of-skinfold thickness, cardiorespiratory fitness and diastolic BP. 
Reallocating 30 minutes from standing time to LIPA was associated with improvements in 
body composition measures only (BMI and sum-of-skinfold thickness). The relationships for 
reallocating the time spent in sleep, sedentary and standing time in place of LIPA appeared to 
show unfavourable and asymmetrical associations, whereby the magnitudes of change in the 
predicted health indicators were detrimentally higher. Taken together, the present findings 




sleep, SB and standing in place of LIPA may be detrimental for adolescent health. The findings 
presented suggest that to avoid significant and inverse effects on their adiposity, fitness status 
and cardiometabolic health, adolescents should increase their level of LIPA engagement 
through decreasing the time they spend in sedentary and standing behaviours.  
While previous research has established the potential health benefits of LIPA in adults 
(Loprinzi et al. 2015; Amagasa et al. 2018), it remains debatable whether LIPA influences 
markers of body composition, fitness status or cardiometabolic health in adolescents 
(Verswijveren et al. 2018). In the current study, the strongest and most clinically meaningful 
associations were observed for LIPA. The results highlighted that, increased time in LIPA was 
associated with improvements in BMI, cardiorespiratory fitness and diastolic BP and this is 
consistent with previous research that has looked at the role of LIPA on these markers 
independently (Bailey et al. 2012; de Moraes et al. 2013; Dowd et al. 2014). Furthermore, 
using statistical methods to reallocate 30 minutes of time from sleep and sedentary time to 
LIPA was associated with decreases in the sum-of-skinfold thickness (4.94 and 4.57 mm 
respectively), cardiorespiratory fitness (1.58 and 1.57 ml.kg.min-1, respectively) and diastolic 
BP (3.00 and 3.15 mmHg, respectively). These findings do not concur with previous CoDA 
studies in this age-group (Carson et al. 2016c; Fairclough et al. 2017). One reason for the 
observed differences is that previous CoDA studies have relied on accelerometer thresholds to 
measure LIPA. One issue with using count-to-activity thresholds is that they may not 
effectively differentiate LIPA from sedentary time or standing time (Ridgers and Fairclough 
2011). The present study used a novel approach for assessing LIPA, through the use of postural 
measurement, which enabled standing time to be differentiated from LIPA and sedentary time. 
To the authors’ knowledge, this has yet to be achieved in other CoDA studies within adolescent 
populations. As 81% of children and adolescents do not meet the current MVPA guidelines for 
youth populations (Guthold et al. 2020), PA epidemiologists have now looked to activities on 
the lower end of the PA continuum that are easily attained and bring about sustained health 
improvements. The present findings are interesting given that adiposity, BP and 
cardiorespiratory fitness are important predictors of future health status and track moderately 
from childhood through adolescence and into adulthood (Chen and Wang 2008; Freitas et al. 
2012; Sorić et al. 2014). The findings strongly suggest that replacing sedentary time with LIPA 
may positively affect health; however, confirmation of the findings should be achieved through 




The findings of this study highlight that increased standing time was favourably 
associated with LDL-C. Currently, there is a dearth of literature examining the association 
between objectively measured standing behaviours with cardiometabolic health indicators in 
youth populations. Thus, the role of standing time as a determinant of health remains a 
contentious debate. In the present study, when 30 minutes of sedentary time was theoretically 
reallocated with 30 minutes of standing time, significant reductions were observed for total 
cholesterol and LDL-C while handgrip strength increased. To the authors knowledge, the 
effects of replacing sitting time with standing time has only been applied to one study in an 
adolescent male population using isotemporal substitution analysis (Moura et al. 2019). The 
findings are somewhat similar to the current study as the authors concluded that replacing 15, 
30, 60 and 120 minutes of sitting time with standing time was associated with TC, non-HDL-
C and LDL-C, thereby suggesting that sitting less and standing more may be an alternative 
strategy to reduce cardiometabolic indicators related to lipid metabolism (Moura et al. 2019).  
The other notable finding in the present study was when 30 minutes of LIPA was 
theoretically reallocated with 30 minutes of standing, detrimental increases in BMI (1.53 kg/ 
m2), sum-of-skinfold thickness (8.75 mm) and diastolic BP (4.19 mmHg) were observed. 
Taken together, the associations observed for the theoretical replacement of sedentary time 
with standing time and LIPA with standing time in the present study confirm previous 
acclimations that a greater intensity of activity is required to elicit any meaningful health 
benefits, something that standing alone does not achieve (Bailey and Locke 2015; Pulsford et 
al. 2017; Powell et al. 2020). It is important to note however, that while both isotemporal 
substitution analysis and CoDA theoretically predict estimates of change they are characterised 
by different statistical assumptions. Isotemporal substitution analysis assumes that each 
movement behaviour is independent of each other, and theoretically, replaces time from one 
movement behaviour to the other while keeping the total time and time spent in the remaining 
behaviours fixed (Moura et al. 2019). CoDA assumes that the movement behaviours are co-
dependant and constrained by a finite amount of time (i.e., 1440 minutes in the present study) 
(Chastin et al. 2015b). Both statistical techniques are used within PA and health related 
research but there is no definitive consensus on which technique should take precedent. The 
findings of the present study highlight that increasing standing time relative to the time spent 
in other PA behaviours may be beneficial to significantly decrease LDL-C in adolescents and 
more importantly, replacing sedentary time with standing time could be enough to significantly 




Although the findings of the present study reinforce the importance of MVPA for some 
of the cardiometabolic health indicators measured (HDL-C and triglycerides), it is surprising 
that only very few beneficial associations were observed, that is, in contrast to the current 
literature (Poitras et al. 2016). Both favourable and unfavourable health associations were 
observed when time was reallocated from sleep, sedentary time, standing time and LIPA to 
MVPA. The reallocation of 30 minutes from sedentary time to MVPA resulted in significantly 
higher BMI (0.51 kg/ m-2), and lower triglyceride levels (0.05 mmol/L) compared with the 
predicted mean values. No associations were observed when reallocating standing time with 
MVPA. Theoretically, replacing 30 minutes of LIPA with 30 minutes of MVPA resulted higher 
BMI (1.79 kg/ m-2), higher sum-of-skinfold thickness (9.82 mm) and higher diastolic BP 
(5.01mmHg). Furthermore, the relationships between MVPA reallocated with any of the other 
movement behaviours (sleep, sedentary time, standing time and LIPA) around the average 
composition were asymmetrical. Similar (asymmetry) results were reported for previous 
compositional isotemporal substitution analysis in children (Fairclough et al. 2017) and adults 
(Powell et al. 2020). The relative contributions of each movement behaviour to the 24-hour 
day may partially explain the asymmetrical nature of the observed relationships. For example, 
taking time from MVPA which only contributes a small amount (3.4% for the present sample) 
to the 24-hr composition may have a substantially larger health effect from taking time away 
from sedentary time which contributes to a larger segment of the 24-hour day (37.08%). 
However, as Powell and colleagues point out, the most recent update from the PA Advisory 
Committee indicate that MVPA is still the desired PA intensity to attain the most meaningful 
health benefits and thus should be the intensity that individuals should target to benefit health 
(Powell et al. 2020). The present findings suggest that in this cohort (where MVPA levels 
appear to be lower than the recommended levels) reducing sitting behaviours through 
increasing the time spent standing and in LIPA may be a more feasible and favourable public 
health strategy to improve indices of adolescent cardiometabolic health. 
In the present study, no significant associations were observed between sleep time and 
any of the cardiometabolic health indicators. However, when 30 minutes of activity was 
removed from sleep and replaced with 30 minutes of LIPA or MVPA significant associations 
were observed for markers of adiposity, cardiorespiratory fitness, BP and blood lipids. 
However, in practice, it would be inappropriate to suggest replacing sleep time with LIPA or 




In 2007, Tremblay and colleagues advocated that for optimal health an appropriate 
balance between sleep, physical inactivity and PA should be achieved and that public health 
guidelines should integrate recommendations on each of these behaviours (Tremblay et al. 
2007). Seven years on, Pedišić (2014) highlighted the inadequacy of traditional statistical 
methods when analysing associations of sleep, sedentary time, quiet standing, LIPA and 
MVPA with health indicators and proposed a change of the research paradigm. Since then, the 
research field has begun to utilise CoDA to examine the role of movement behaviours on 
cardiometabolic health indicators across a finite period (Chastin et al. 2015b; Carson et al. 
2016c; Fairclough et al. 2017; Dumuid et al. 2020). To the authors’ knowledge, this is the first 
study, using an adolescent population, to differentiate between standing and LIPA thereby 
enabling the inclusion of sleep, sedentary time, standing time, LIPA and MVPA in a 24-hr 
composite for the first time. The findings of this study reinforce the importance of MVPA for 
cardiometabolic health in adolescents, but they also amplify the notion that optimal health can 
in fact be achieved through combinations of MVPA alongside other movement behaviours 
(standing and LIPA) that interact with one another. The move towards using the compositional 
data analysis approach, coupled with the accurate measurement of 24-hr movement behaviours 
that can differentiate sitting, standing and LIPA is novel and a response to answer the call for 
a change in the research paradigm put forward by Pedišić (2014). The beneficial health 
associations reported for replacing sedentary time with LIPA or standing have not been 
observed in previous adolescent CoDA studies (Carson et al. 2016c; Fairclough et al. 2017). 
Collectively, this approach and the present findings underpin the 2016 Canadian 24-hour 
guidelines for youth (Tremblay et al. 2016) and the very recently published WHO ‘every 
movement counts’ guidelines (Bull et al. 2020), which consider the beneficial effects of 
movement behaviours beyond the MVPA guidelines. Given that a large proportion of the 
world’s adolescent population do not achieve the current MVPA guidelines (Guthold et al. 
2020), public-health professionals, policy makers and teacher educators, should recognise the 
importance of shifting movement behaviours for health and; encourage opportunities that 
enable youth to shift their movement behaviours (e.g., from sedentary time to standing or LIPA 
while maintaining MVPA). That being said the feasibility of such measures would depend 
largely on the settings and contexts in which the behaviours occur.  
9.5 Strengths and Limitations 
This study has many strengths. A strength of this study was the use of a stratified, randomly 




measured and examined. Risk factors pertaining to body composition, muscle strength, 
cardiorespiratory fitness, lipids, glucose, and BP were all collected. This allowed for a 
comprehensive investigation into the associations between habitual movement behaviours and 
risk factors for cardiometabolic health. A CoDA approach was utilised which adjusted 
appropriately for the co-dependency of movement behaviours bounded by a finite 24-hr period. 
An added strength is that the measurement of all movement behaviours included within this 
study (sleep, sedentary time, standing time, LIPA and MVPA) was achieved via the activPAL 
3 micro device. While this device has been deemed a gold-standard device for the measurement 
of habitual SB (Kozey-Keadle et al. 2011a), the present study employed a specifically validated 
count-to-activity threshold for the determination of MVPA (see Chapter Four) and 
subsequently derived LIPA thereby enabling the accurate measurement of sedentary time, 
standing time, LIPA and MVPA from just one device. The methods employed also enabled the 
determination of objectively measured bed hours, which was used as a proxy measure of sleep. 
This enabled the examination of health associations and time reallocations, which to the 
authors’ knowledge has not been previously achieved within this age group. The determination 
and inclusion of sleep time thus enabled the use of this novel statistical approach (CoDA) over 
traditional statistical approaches to deal with 24-hr data and to account for the time spent in 
other behaviours. The strict inclusion criteria for the activPAL data, coupled with the inclusion 
of a representative sample of adolescents and the range of cardiometabolic health indicators 
examined are additional strengths to this study. 
While this study has many strengths, the limitations of the study should be 
acknowledged. The data were collected in 2016 and may not be reflective of current movement 
behaviours. The participants were asked to remove the devices for swimming and for full 
contact sport (i.e., rugby), which may have led to underestimations of movement behaviours. 
The main limitation of this study is that participants appeared to react to wearing the activPAL 
3 micro by increasing their MVPA levels (Figure 9.1.). The term reactivity has been used to 
describe the action of modifying movement behaviours when wearing a PA device (Dössegger 
et al. 2014). To the authors knowledge, there are very few studies that have assessed participant 
reactivity to wearing accelerometers in youth populations (Dössegger et al. 2014; Davis and 
Loprinzi 2016; Vanhelst et al. 2017). Collectively, the findings from these studies have not 
observed sufficient evidence of accelerometer reactivity among youth populations (Dössegger 
et al. 2014; Davis and Loprinzi 2016; Vanhelst et al. 2017). While all participants were 




themselves (underweight participants) or they may have been encouraged to do so from their 
peers, teachers or parents (overweight participants), thus reactivity to wearing the device 
cannot be completely ruled out. Another limitation is the inability of the activPAL to measure 
sleep directly, thus a surrogate measure of sleep (bed hours) was used in the present study. 
Although the derivation of bed hours was achieved using a strict, manual approach to the data, 
a participant was deemed to be asleep based on the lack of movement during a set-time period. 
This approach may not be the most accurate as the method would not detect if participants were 
reading or watching TV in bed prior to sleeping.  
The limitation pertaining to the use of count-to-activity thresholds for the determination 
of activity intensities should also be addressed. To determine MVPA in the current study, the 
best methodologies and analytical techniques were utilised to develop an age-specific count-
to-activity MVPA threshold (see Chapter Four). However, the use of count-to-activity 
thresholds have many limitations, which can result in the occurrence of under- and over-
estimations of activity intensities (Sasaki et al. 2011). Currently there exists no consensus on 
the correct count-to-activity threshold for use in an adolescent population (Bassett 2012). That 
being said, the count-to-activity thresholds developed for the SVM for the activPAL 3 micro 
demonstrated high levels of sensitivity (91.2%) and specificity (93.5%) indicating that they are 
accurate for determining activities above or below the 3 MET threshold (see Chapter Four).  
The cross-sectional nature of the data limits the ability to infer causality and thus randomised 
controlled trials and tracking studies should be undertaken to ascertain the short- and long-term 
cardiometabolic health effects of reallocating time between behaviours. The cross-sectional 
nature of the cohort also means that the study estimates the predicted differences in the health 
indicators if there was a population shift in movement behaviour rather than individual 
reallocations of behaviour (Chastin et al. 2015b). Finally, analyses were adjusted for age, sex, 
BMI and school location but there many have been some residual confounding from 
unmeasured variables (i.e., diet) which may have influenced the results.  
9.6 Conclusion 
The establishment of time-use epidemiology has been developed as a result of the 
methodological limitations of previous studies investigating the health effects of sleep, 
sedentary time, and PA independently (Pedišić 2014). It is now of popular opinion that 
movement behaviours should be analysed as parts of a time-use composition (Pedišić 2014; 
Chastin et al. 2015b; Dumuid et al. 2018; Dumuid et al. 2020). This is based on the premise 




be assessed and conceptualized within a compositional paradigm to obtain accurate 
interferences. The findings presented from this study add to the emerging body of literature 
employing CoDA to examine and better understand the impact of various movement 
behaviours on indices of cardiometabolic health. LIPA was favourably associated with the 
sum-of-skinfold thickness, cardiorespiratory fitness and diastolic BP. When other movement 
behaviours (sleep and sedentary time) were theoretically replaced with 30 minutes of LIPA, it 
resulted in an improvement of these markers. When standing time was replaced with LIPA it 
resulted in improvements in BMI and the sum-of-skinfold thickness. When 30 minutes of sleep 
time and sedentary time were theoretically replaced with 30 minutes of MVPA, a more 
favourable and unfavourable association were observed with triglycerides and BMI 
respectively. Finally, replacing 30 minutes of activity from sedentary time to standing time 
resulted in a predicted decrease in TC and LDL-C and a predicted increase in handgrip strength. 
Taken together, the findings of the present study reinforce the health benefits associated with 
MVPA for this age-cohort. They also provide evidence to support recommendations to increase 
LIPA and standing time through decreasing sitting time as a means to improve cardiometabolic 







































































Chapter Ten – General Discussion, Critical Considerations, 







The general literature review presented within this thesis has provided important information 
which highlighted that adherence rates to the well-established national and international MVPA 
guidelines are poor and decline across the lifespan. In addition, levels of  SB have increased as 
a result of modern living. Specifically, it appeared that the transition from adolescence to young 
adulthood is categorised by substantial changes in one’s activity behaviours. This area is poorly 
researched, while this period may have important implications for health across the lifespan. 
Up until very recently, there were no reviews that systematically investigated the evidence of 
tracking for both PA and SB specifically during this transition period. Chapter Three addressed 
this issue. Crucially, low levels of MVPA coupled with excessive sedentary time are key risk 
factors for non-communicable disease and thus may implicate long-term health. However, it 
appears as if individuals spend a large proportion of their day engaged in lifestyle behaviours 
that are light in intensity and this may have beneficial health implications. From the literature 
review, it is clear that sedentary time, LIPA and MVPA are three important determinants for 
cardiometabolic health in adult populations. Standing time has also become a topic of research 
interest, but its link to cardiometabolic health remains contentious. The evidence within youth 
populations is less well established and thus inconclusive. Before one can begin to infer 
associations between activity behaviours and indices of cardiometabolic health, robust and 
accurate measurement methodologies are required.  
Within the literature review, the analysis of SB, patterns of SB and PA of varying 
intensities with both subjective and objective measurement methodologies were discussed. 
Objective measurement methodologies have become the preferred method of choice for 
measuring free-living activity behaviour. It became clear that in recent years the advancements 
in wearable technologies have enabled the assessment of activity behaviours across the entire 
PA intensity spectrum. From this, there was compelling evidence to support the use of the 
activPAL PA monitor as the gold-standard for the accurate measurement of free-living SB. The 
potential to use the activPAL device to measure and differentiate activity behaviours at the 
lower end of the PA intensity spectrum using count-to-activity thresholds led to the work 
presented in Chapter Four. Previously, there were no count-to-activity thresholds developed 
for the sum of the vector magnitude for the activPAL 3 micro using a mixed adolescent 
population. The validation study in Chapter Four is novel and should advance this field of 
research by providing researchers with an alternative way of quantifying sedentary time, 




Chapters Two and Three discussed current thinking in the literature pertaining to the 
examination of activity behaviours throughout important stages of life particularly the 
transition from adolescence through young adulthood. Finally, the most up-to-date literature, 
which examined the association between each of the activities on the PA intensity spectrum 
(sedentary time, standing time, LIPA and MVPA) with indices of cardiometabolic health in 
youth and adults, were discussed. The key findings from the research studies included in this 
thesis aimed to address some of the current knowledge gaps within the literature. They are 
summarised as follows: 
1. The activPAL 3 micro is a valid measure of MVPA in a mixed adolescent population. 
The activPAL, ActiGraph w-GT3X-BT, ActiGraph GT1M and GENEActiv were 
deemed as valid measures of PA intensity in the same population. The high sensitivity 
and specificity values for each of the developed and validated count-to-activity 
thresholds makes them suitable for the measurement of free-living activity behaviour. 
More specifically, the accuracy of the activPAL count-to-activity thresholds, in 
addition to previous literature on the monitor’s ability to accurately measure and 
differentiate postures, make it a valid option to measure each of the behaviours on the 
PA intensity spectrum.  
2. Owing to the development and validation of count-to-activity thresholds for MPA and 
VPA specifically for 5 of the most commonly used activity monitors, PA researchers 
can potentially cross-compare and/or harmonise accelerometer data that have been 
collected in similar populations.  
3. In a convenience sample of Irish and German children, adolescents and young adults, 
estimated marginal means analysis with post hoc pairwise comparisons revealed the 
significant effects of age, sex and location on activity behaviours. Across the different 
aged-cohorts, notable increases in waking sedentary time and MVPA were observed, 
whilst the time spent in LIPA decreased. Additionally, the time spent in prolonged bouts 
of SB increased across the age groups and this was mirrored by a decrease in the amount 
of time spent in short sedentary bouts. 
4. Within convenience samples of Irish and German children, adolescents and young 
adults, the level, duration and pattern of free-living sedentary time differed significantly 
between weekdays and weekends and between school/university hours and out-of-
school/university hours. A shift from LIPA to SB was observed across age groups and 




child, adolescent and young adult cohorts achieved more MVPA during weekdays 
compared to weekends. Differences were also present in the proportion of time spent 
in MVPA during school hours and out-of-school hours between the Irish and German 
child and adolescent cohorts.  
5. In a representative cohort of 15 to 18-year-old Irish adolescents, increased sedentary 
waking time was associated with higher diastolic BP, LDL-C and glucose. Increased 
standing time was only associated with lower systolic and diastolic BP. Increased LIPA 
time was associated with decreased sum-of-skinfold thickness, handgrip strength, 
cardiorespiratory fitness, diastolic BP, TC and triglycerides and increased WHR and 
HDL-C. The time spent in bouts of sedentary time < 20 minutes was beneficially 
associated handgrip strength and cardiorespiratory fitness. Unexpectedly, increased 
time spent in sedentary bouts < 20 minutes was associated with an increased WHR. 
Significant associations were observed between the time spent in bouts of sedentary 
time > 60 minutes and diastolic BP. No other significant associations were present.  
6. Using compositional data analysis, increased LIPA (relative to the other movement 
behaviours) was favourably associated with the sum-of-skinfold thickness, 
cardiorespiratory fitness and diastolic BP. When other movement behaviours (sleep and 
sedentary time) were theoretically replaced with 30 minutes of LIPA, it resulted in an 
improvement of these markers. When standing time was replaced with LIPA it resulted 
in improvements BMI and the sum-of-skinfold thickness. Relative to the other 
movement behaviours increased MVPA was positively associated with BMI and 
triglycerides and when 30 minutes of sleep time and sedentary time were theoretically 
replaced with 30 minutes of MVPA, a more favourable and unexpected unfavourable 
association were observed with triglycerides and BMI respectively. Finally, replacing 
30 minutes of sedentary time with standing time resulted in a predicted decrease in total 
cholesterol and LDL-C and a predicted increase in hand-grip strength. 
In Chapter One of this thesis, the research aims, objectives and key research questions were 
stated. The purpose of the following sections (10.2. to 10.7.) is to directly answer the research 
aims and research questions proposed in Chapter One. This will be achieved through 
highlighting and briefly discussing the key findings from this thesis. The implications of the 
findings of this thesis for research, policy and practice will be examined and discussed. Critical 
considerations and future research directions will be summarised. Finally, the conclusions 




10.2. Development and Validation of Novel Count-to-activity Thresholds for the 
activPAL 3 Micro 
As motion sensors have evolved, so too has the number of studies validating their use as 
measures of PA intensity. Currently, there is some confusion within the PA measurement 
literature, as researchers are forced to choose from multiple devices and multiple count-to-
activity thresholds to determine SB, LIPA, MPA and VPA. In 2015, there was a call to move 
away from the use of count-to-activity thresholds (Wijndaele et al. 2015). New methodological 
recommendations supporting the use of more sophisticated analysis techniques (i.e., machine 
learning) that use features of the raw acceleration signal rather than the average monitor output 
have been proposed and recommended. Whilst significant advances have occurred using these 
techniques, many significant issues still remain: (i) the majority of device companies do not 
make the raw acceleration output available to the end user; (ii) studies that have completed this 
analysis have only done so through the use of very small sample sizes; and, (iii) the majority 
of studies have occurred within laboratory settings. Preliminary work has showed some 
promise, however, this new approach to the analysis of accelerometer output requires further 
investigation before it can be employed to provide valid free-living activity information. Until 
this is achieved with confidence, count-to-activity thresholds can be used as an alternative 
approach until the newer machine learning techniques are refined. 
The activPAL device has the ability to distinguish between postures and is deemed a 
gold-standard for the measurement of sitting behaviours (Kozey-Keadle et al. 2011a; Dowd et 
al. 2012a). The decision to develop count-to-activity thresholds for the sum of the vector 
magnitude for the activPAL 3 micro was based on the premise that children and adolescent’s 
movement patterns are typically multidirectional. Furthermore, research suggests that triaxial 
accelerometers provide better assessments of MPA (Bassett 2012). The study presented in 
Chapter Four, developed count-to-activity thresholds for the SVM for the activPAL 3 micro 
for both MPA (9286 counts.15second-1) and VPA (16100 counts.15second-1) which had high 
levels of sensitivity (0.934, 0.872) and specificity (0.934, 0.874). Following cross-validation, 
high levels of sensitivity and specificity were observed for MPA (0.912, 0.935), deeming the 
developed count-to-activity thresholds accurate at determining MPA (at 3 METs). For VPA, 
when cross-validated, the developed thresholds demonstrated moderate sensitivity and 
specificity values (0.769, 0.860). The decreased sensitivity values reported suggest that at 
higher exercise intensities the activPAL may have some difficulty correctly identifying 
activities within the 6 MET intensity band. The inclusion of a range of 6 MET activities that 




activities within that range. This was one factor which led to reporting MVPA rather than MPA 
and VPA separately. No count-to-activity thresholds were developed for the determination of 
LIPA as the activPAL monitors are able to accurately distinguish between sitting, standing and 
stepping. The time spent in daytime behaviours that were not categorised as sitting, standing 
or MVPA were classified as LIPA.  
Previously, count-to-activity thresholds have been developed for the uniaxial version 
of the activPAL, but only specifically for a female adolescent population (Dowd et al. 2012b). 
While count-to-activity thresholds have been developed for the activPAL 3 micro, they have 
been done so specifically for use in an adult population (Powell et al. 2016). The study 
presented in Chapter Four makes a novel contribution to PA measurement research, as it is the 
first study to develop MPA and VPA count-to-activity thresholds for the activPAL 3 micro for 
use in a mixed adolescent population. The high sensitivity and specificity values reported for 
the 3-6 MET (moderate-to-vigorous) intensity band coupled with its accuracy for determining 
and differentiation sedentary and standing time, make the activPAL 3 micro a valid option for 
researchers looking to measure free-living activity behaviour. 
10.3. Simultaneous Development and Validation of Count-to-activity Thresholds for Five 
Commonly Used Devices: A Response to the Call for Data Harmonisation 
Within the adolescent context, there have been a large number of individual activity monitor 
validations and this makes it quite difficult to compare the results from different studies (Vaha-
Ypya et al. 2015). Experts within the field have suggested that there was/is a need to move 
towards a standardised approach to accelerometer reduction as the absence of comparative 
validity data has created a gap within the literature. To address this gap, a secondary aim of the 
study presented in Chapter Four of this thesis was to simultaneously develop count-to-activity 
thresholds (LIPA, MPA and VPA) for five commonly used activity devices (activPAL, 
activPAL 3 micro, ActiGraph w-GT3X-BT, ActiGraph GT1M and GENEActiv) for use in a 
mixed adolescent population. The inclusion of the other monitors was influenced by the amount 
of “noise” in the activity monitor validation literature. Using an approach whereby the study 
included the same validation activities and analysis techniques simultaneously has the potential 
to: (i) enable researchers to reprocess data that was collected using different activity monitors; 
(ii) enable one to directly compare data between studies; and, (iii) enable the harmonisation of 
accelerometry data.  
The study presented in Chapter Four developed and validated count-to-activity 




previously mentioned), MPA and VPA. In concordance with recommendations for youth 
accelerometry research (Trost 2007), count-to-activity thresholds per 15 second epoch were 
developed for all of the included devices. A novel aspect of this study was the development 
and validation of sum of the vector magnitude count-to-activity thresholds for the activPAL 3 
micro and ActiGraph tri-axial devices. When cross-validated in an independent group, all of 
the count-to-activity thresholds had sensitivity values ranging between 0.654-0.957 and 
specificity values ranging between 0.780-0.988. All of the developed count-to-activity 
thresholds had AUC values of ≥ 0.942 meaning that the count-to-activity thresholds correctly 
identified the activity intensity at least 94.2% of the time. The highest AUC values were 
observed for the 3 MET count-to-activity thresholds. The practical significance of this finding 
is important, as it supports the use of the developed MVPA count-to-activity threshold for use 
within this population. This is the first simultaneous validation study to develop and cross-
validate count-to-activity thresholds for a range of motion sensing devices for use in a mixed 
adolescent population. In addition to providing researchers with device specific count-to-
activity thresholds for the determination of LIPA, MPA and VPA the study expands the current 
PA measurement literature as it provides researchers with the tools to harmonise activity data 
collected from different studies using different devices.  
10.4. When Measured using a Consistent Methodology, How do Physical Activity, 
Sedentary Behaviour and Sedentary Behaviour Patterns Differ between Childhood, 
Adolescence and Young Adulthood? 
Research related to PA and SB has traditionally focused on activity volume and has ignored 
patterns of activity accumulation. While there is evidence to suggest that the total volume of 
PA and SB are strong predictors of cardiometabolic health, free-living activity is intermittent 
and is accumulated in bouts that vary by intensity, frequency and duration (Tremblay et al. 
2017). Furthermore, the degree to which the levels of PA, SB and SB patterns vary throughout 
different youth stages is poorly researched (Hayes et al. 2019). Chapter Six presents data on 
free-living activity behaviours that were assessed in a convenience sample of European 
children, adolescents and young adults. Using the sum of the vector magnitude count-to-
activity thresholds developed and validated for the activPAL 3 micro in Chapter Four, 
sedentary time, standing time, LIPA, MVPA and the time spent in sedentary bouts < 20 minutes 
to > 60 minutes was accurately quantified.  
Data from 194 children and adolescents and data from 83 young adults were included 
in the final analysis. The average sedentary waking time for the participants within the child 




(Riddoch et al. 2004; Steele et al. 2010; Dowd et al. 2012a; Herman et al. 2014; McVeigh et 
al. 2016; Colley et al. 2017; Contardo Ayala et al. 2019). Interestingly, when sedentary bouts 
were examined, the time spent in sedentary bouts < 20 minutes decreased across the age groups: 
children 302.78 ± 34.04 minutes, adolescents 223.76 ± 51.23 minutes and young adults 171.45 
± 48.39 minutes. The time spent in prolonged sedentary bouts > 60 minutes increased across 
the age groups: children 43.30 ± 36.93 minutes, adolescents 123.33 ± 68.17 minutes and young 
adults 178.21 ± 73.70 minutes. The observed age-related changes in sedentary bout 
accumulation is similar to previous accelerometer-related research as there is longitudinal 
evidence to suggest that as one ages, the time spent in prolonged sedentary bouts increases and 
the bouts become longer and less interrupted (Tanaka et al. 2014; Mooses et al. 2017; Skrede 
et al. 2017). Interestingly, although the absolute levels of MVPA and LIPA did not compare 
directly with existing research within the respective cohorts (Martínez-Gómez et al. 2009; Ruiz 
et al. 2011; Deng and Fredriksen 2018), the patterning of these activity behaviours is similar. 
For example, the participants accumulated more time in LIPA than MVPA. This finding has 
important implications given that there is now evidence to suggest that LIPA may be 
beneficially associated with many indices of cardiometabolic health (Carson et al. 2013b; 
Dowd et al. 2014; Verswijveren et al. 2018).  
Whilst the findings of the present study identified and described differences in PA, SB 
and SB patterns across the age groups, the generalisability of the findings to other research is 
problematic as outlined in Chapter Six. To advance this body of work, future research should 
specifically target young populations and track their activity behaviours over time. It is only 
when more methodologically sound studies are implemented that we can begin to ascertain: (i) 
how the levels and patterns of activity behaviours change over time and (ii) identify key 
developmental periods for future intervention.  
10.5. Does the Fractionation of Activity Behaviours Differ between Children, Adolescents 
and Young Adults? 
Much of the existing PA research has not considered “context” (i.e., the variation in activity 
behaviours between weekdays and weekends or between school and out-of-school hours). 
Using the data from Chapter Six, Chapter Seven examined the fractionation of free-living 
levels and patterns of activPAL determined activity behaviours in groups (Irish and German) 
of children, adolescents and young adults. The time spent sedentary, standing, in LIPA, MVPA 
and the time spent in sedentary bouts ranging from < 20 minutes to > 60 minutes was 




behaviour over a typical measured week, specifically during weekdays versus weekends and 
during school hours versus out-of-school hours, were examined.  
10.5.1 Fractionation of Activity Behaviours on Weekdays and Weekend Days 
Participants of the child, adolescent and young adult cohorts accumulated more sedentary time 
during waking hours on weekdays compared to weekends. When sedentary bout periods were 
examined, the time spent in short sedentary bout periods (< 20 minutes) appeared to be higher 
during weekdays compared to weekends for all cohorts. Similarly, all cohorts tended to 
accumulate more time in prolonged sedentary bouts (> 60 minutes) during weekends compared 
to weekdays. This finding highlights the weekend as a potential target for intervention across 
populations. Sex differences were also present (see chapter seven). The findings are important 
for a number of reasons: (i) excessive sitting time is now recognised as a key contributor to the 
development of poor health status in any given population; and, (ii) high volumes of sedentary 
time during youth track over time and may be negatively associated with risk factors for 
cardiometabolic health (Hallal et al. 2006; Lee et al. 2012; McVeigh et al. 2016). 
For the first time, this research has provided up-to-date information on objectively 
measured LIPA using the activPAL 3 micro across three age groups. While the young adult 
cohort accumulated similar amounts of LIPA across the weekdays and weekends, participants 
of the child and adolescent cohorts accumulated more LIPA time during weekdays compared 
to weekends. Sex differences were also apparent. Until very recently, a large emphasis has been 
placed on the promotion of more MVPA and less sitting time, however, the influence of LIPA 
on health outcomes across the lifespan are now beginning to be observed (Verswijveren et al. 
2018). That being said, much of the research to date has failed to accurately measure LIPA as 
a distinct behaviour from standing and thus there is need for more objective and accurate 
information on the levels and patterns of LIPA using standardised methodologies with 
representative samples.   
With regard to MVPA, similar to existing research (Garriguet and Colley 2012; 
Fairclough et al. 2015; Belton et al. 2016), the majority of the participants in the child, 
adolescent, and young adult cohort achieved more MVPA time during weekdays compared to 
weekends. It may not always be feasible to replace sitting time with MVPA especially in 
inactive populations, however, replacing prolonged sitting time with LIPA may be a more 
practical and viable option. The data presented have provided novel information on the 
fractionation of activity behaviours comparing weekdays to weekends. Key periods where 




highlighted, thereby illuminating key areas for intervention. The findings suggest that the child 
and adolescent cohorts could benefit from decreasing waking sedentary time during the 
weekdays and increasing LIPA particularly during weekends. For young adults, a reduction in 
waking sedentary time, particularly during weekdays, coupled with an increase in LIPA across 
weekdays and weekends, should be considered.  
10.5.2 Fractionation of Activity Behaviours in School Hours and Out-of-School Hours 
The identification of specific environments that promote little activity and prolonged sedentary 
periods is important to illuminate potential areas for intervention (Dowd et al. 2012a). The 
analysis presented in Chapter Seven (part 2) is the first to objectively measure and ascertain 
the manner in which children, adolescents and young adults accumulated their free-living 
activity behaviours both during school/university and around the school/university setting 
using a direct measure of posture.  
The child cohorts accumulated a significantly higher proportion of sedentary time 
outside-of-school, while the adolescent and young adult cohorts accumulated a higher 
proportion of sedentary time during school. These findings directly align with existing 
literature (Harrington et al. 2011a; Felez-Nobrega et al. 2018; Arundell et al. 2019) as they 
highlight the undesirable sedentary profiles of the cohorts in question and suggest that different 
environments (school versus out-of-school hours) should be targeted for different age groups. 
The adolescent and young adult cohort accumulated a higher proportion of short sedentary 
bouts (< 20 minutes in duration) outside-of-school/university. This finding is encouraging 
given that shorter bouts of SB have been associated with a range of indices of cardiometabolic 
health (Carson and Janssen 2011; Chastin et al. 2015a). Alarmingly, regardless of the 
environment, the adolescent and young adult cohorts accumulated a large proportion of their 
waking day in prolonged sedentary bouts and this may have important implications for their 
health (Verswijveren et al. 2018). Given that the duration of sedentary bouts correlates with 
the prevalence of metabolic syndrome (Honda et al. 2016) and that longer sedentary bouts 
increase cardiovascular risk (Vasankari et al. 2017), the present findings are concerning.  
With regard to PA, the school environment should provide many opportunities for 
students to be physically active (Ridgers et al. 2012). Both child cohorts achieved a higher 
proportion of LIPA during school hours compared to out-of-school hours. The opposite was 
observed for both adolescent cohorts and the young adult cohort. A novel finding of the present 
study is that increases in sedentary time were mirrored by decreases in LIPA regardless of the 




associations with risk factors for cardiometabolic health. In addition, these findings highlight 
that the levels of MVPA were low across populations and that all cohorts tended to accumulate 
a higher proportion of MVPA during school/university hours compared to out-of-
school/university hours. The findings lend support to the claim that instead of targeting MVPA, 
interventions within school and university environments could potentially focus on a more 
achievable target by decreasing the amount of time spent sedentary through increasing LIPA 
(Healy et al. 2007; Mitchell et al. 2012b; Carson et al. 2013b; Colley et al. 2013). The 
information presented in Chapter Seven will benefit PA researchers, policy makers and targeted 
interventions as it provides detailed information and understanding of when, over the course 
of a day that specific populations are most sedentary and least active.  
10.6. What is the Relationship between Daily LIPA and Sedentary Time on Health Indices 
when these Behaviours are Accurately Distinguished from Standing Time? 
Through use of the activPAL 3 micro device, this study examined the association between 
tertiles of sedentary time, standing time, LIPA, MVPA and the time spent sedentary bouts < 
20 minutes, 20-60 minutes and > 60 minutes with a range of biomarkers for cardiometabolic 
health in a stratified sample of Irish adolescents aged between 14 and 19 years. The majority 
of the participants within the respective schools did not meet the minimum daily recommended 
guideline for MVPA. Compared to their female counterparts, the male participants in this study 
were 4.5 times more likely to achieve the daily MVPA recommendation. These findings 
compare with previous research, highlighting that adolescents, and in particular adolescent 
females, are insufficiently active for health (Matthews et al. 2008a; Dowd et al. 2012a).  
Participants in the highest tertile of waking sedentary time had significantly higher 
diastolic BP, LDL-C and glucose only. Those in the top tertile of sedentary bouts that were < 
20 minutes in duration had significantly higher handgrip strength, WHR (association not in the 
expected direction) and cardiorespiratory fitness. Those in the top tertile of sedentary bouts that 
were > 60 minutes in duration had significantly higher diastolic BP. Those who achieved higher 
levels of standing time (top tertile) had significantly lower systolic and diastolic BP. Increased 
levels of LIPA were beneficially associated with the following: sum-of-skinfold thickness, 
handgrip strength, cardiorespiratory fitness, diastolic BP, and triglycerides. LIPA was also 
significantly associated with HDL-C and WHR, however, the association was not in the 
expected direction. MVPA was beneficially associated with fewer of the cardiometabolic 
health indices (handgrip strength, cardiorespiratory fitness, triglycerides and diastolic BP) 




Collectively, the findings presented in Chapter Eight have highlighted the detrimental 
associations between SB and indices of cardiometabolic health. Similar observations have been 
reported within the adolescent SB literature (Verswijveren et al. 2018). The findings regarding 
sedentary bouts suggest that reducing the time spent in prolonged bouts of sedentary time 
should be an effective strategy for adolescent health. Standing time was only associated with 
two of the cardiometabolic indices. Therefore, if interventions are targeting increasing a single 
behaviour over sedentary time, our findings suggest that standing time should not be that 
behaviour. The findings reported for, LIPA and MVPA align with some of the existing 
adolescent literature (Bailey et al. 2012; Ekelund et al. 2012; Carson et al. 2013b; Dowd et al. 
2014; Poitras et al. 2016; Verswijveren et al. 2018). It is interesting to note that the reported 
associations for LIPA were similar, if not stronger than those reported for MVPA. This 
suggests that certain indices of cardiometabolic health may be improved through increased 
participation in LIPA and that the magnitude of the improvements that can be achieved for 
these cardiometabolic risk factors may be similar to those observed for MVPA.  However, it is 
also very likely that the data influenced this finding, with values for MVPA less variable and 
spread out, potentially resulting in smaller effects being observed. Regardless of this, the 
findings show the importance of LIPA and sedentary time when measured separately to 
standing time, and this may have important public health implications. Activities that are light 
in intensity may be more attainable and easier to promote than moderate-to-vigorous intensity 
activities, especially for adolescents (in particular for adolescent females) who are sedentary 
and/or currently do not meet the recommended PA guidelines (Verloigne et al. 2017).  
10.7 What are the Effects of Specific Activity Compositions and Activity Reallocations 
across the 24-Hr Cycle on Cardiometabolic Health Indices? 
Compositional data analysis (CoDA) was used in Chapter Nine to examine the effects of 
specific activity compositions on cardiometabolic health indicators and to examine the 
predicted changes among these health indicators when a fixed duration of time was reallocated 
from one movement behaviour to another. Specifically, the movement behaviours included 
sleep time, standing time, LIPA and MVPA. To date, the few studies that have used CoDA 
within adolescent populations have examined the health implications of sleep, sedentary time 
and PA only (Fairclough et al. 2015; Carson et al. 2016c; Fairclough et al. 2017). Furthermore, 
these studies have been limited by their measurement methods, which have not allowed for the 
accurate distinction between sedentary time, standing time and LIPA. The study described in 




of movement behaviour including sleep duration, sedentary time, standing time, LIPA and 
MVPA in an adolescent population. A surrogate measure of sleep time was retrieved by 
determining bedtime (based on the time between the last non-sedentary epoch (sleep time) and 
the subsequent non-sedentary epoch in the morning (rise time). The validity of this measure 
was not examined in this thesis. 
The results of the compositional multiple linear regression models for anthropometric 
variables, which included ilr co-ordinates adjusted for age, sex and school location found that 
increasing LIPA (relative to the other behaviours) was associated with lower sum-of-skinfold 
thickness (13.98 mm). Unexpectedly, increased MVPA (relative to the other behaviours) was 
associated with an increased BMI (1.22 kg.m-2). The compositional multiple linear regression 
models for the non-anthropometric cardiometabolic health indicators were adjusted for age, 
sex, school location and BMI. Relative to the other movement behaviours, increased sedentary 
time was associated with decreased handgrip strength (5.41 kgs). Increased standing time 
(relative to the other behaviours) was associated with lower LDL-C (0.38 mmol/L). Relative 
to the other behaviours, increasing LIPA was associated with significantly lower diastolic BP 
(8.34 mmHg) and higher cardiorespiratory fitness (3.93 ml.kg.min-1). Increased MVPA relative 
to the other behaviours was associated with higher HDL-C (0.11 mmol/L) and lower 
triglyceride levels (0.07mmol/L).  
One of the advantages of the CoDA methodology is that it can estimate the health 
effects of movement behaviours using time reallocation modelling. The strongest and most 
clinically relevant associations were observed for LIPA. Reallocating 30 minutes from sleep 
and sedentary time to LIPA was associated with a predicted improvement in the sum-of-
skinfold thickness (4.94 and 4.57 units respectively), cardiorespiratory fitness (1.58 and 1.57 
ml.kg.min-1) and diastolic BP (3.00 and 3.15 mmHg, respectively). Reallocating 30 minutes 
from standing time to LIPA was associated with improvements in body composition measures 
only (BMI and sum-of-skinfold thickness). These findings do not align with previous studies 
that have used CoDA techniques (Carson et al. 2016c; Fairclough et al. 2017). The observed 
differences may be explained by the different methodologies used to measure LIPA. The study 
in Chapter Nine used a novel approach which through the use of postural measurement 
effectively differentiates LIPA from standing time or sedentary time. Our findings have 
important health implications, given that adiposity, BP and cardiorespiratory fitness are 
important indicators for an individual’s current and future health status (Chen and Wang 2008; 




When 30 minutes of sleep time and sedentary time were theoretically replaced with 30 
minutes of MVPA, triglyceride levels were predicted to decrease (0.05 mmol/L) and BMI 
levels were predicted to increase (0.51 kg.m-2) respectively. The unexpected association 
between MVPA and BMI could perhaps be at least partly explained by: (i) participant reactivity 
(increasing activity) to wearing the PA monitor; and, (ii) participation in resistance training. 
This is discussed in further detail in Chapter Nine. Finally, replacing 30 minutes of activity 
from sedentary time to standing time resulted in a predicted decrease in total cholesterol (0.07 
mmol/L) and LDL-C (0.06 mmol/L) and a predicted increase in handgrip strength (0.50 Kg). 
Taken together, the findings of Chapter Nine reinforce the health benefits associated with 
MVPA for this age-cohort however; they also provide evidence to support recommendations 
to increase LIPA and standing time through decreasing sitting time to improve cardiometabolic 
health in adolescents.  
10.8 Potential Impact 
The findings presented within this thesis may have important implications for the field of PA, 
SB and health related research.  
 For the first time, count-to-activity thresholds have been developed and validated for 
the determination of MVPA for the activPAL 3 micro in a group of mixed adolescents. 
The development of these thresholds will now enable researchers to accurately quantify 
the time spent sedentary, standing, in LIPA and MVPA, using a single monitor.  
 The simultaneous development and validation of count-to-activity thresholds for five 
of the most commonly used activity monitors within the adolescent literature is novel. 
The information presented has the potential to enable researchers to directly compare 
accelerometry data collected from different studies. Furthermore, it should enable the 
harmonisation of data collected in different studies using different monitors. Moreover, 
it could advance initiatives like ICAD through the harmonisation of large PA data sets 
within youth research. Accurate measurement has the potential to allow researchers to 
gain a deeper insight into the relationships between activity behaviours and health. 
 It is important to note that the measurement of LIPA within the present thesis is 
potentially more accurate than previously used attempts to measure the behaviour 
(accelerometer thresholds). Such approaches are said to have limitations for accurately 
detecting and quantifying time spent in activities at the lower end of the intensity 
continuum, as they fail to differentiate sedentary time from standing time and low levels 




the time spent in LIPA independent of both sedentary time and standing time. The study 
presented in Chapter Six for the first time provided accurate and up-to-date information 
on the device-based measurement of LIPA and patterns of sedentary time across three 
different age cohorts. Whilst more data and research are necessary to advance these 
findings, the study has presented novel information regarding movement behaviours 
across the entire PA spectrum, using a practical and descriptive standardised 
methodology and a single measurement device. The work presented here could be used 
to influence future research studies aiming to accurately measure all components on the 
PA intensity spectrum using a single device. 
 The data presented in Chapter Seven adds to the existing literature by presenting 
valuable information for PA researchers. It highlights what periods of the day or week 
are prone to or resistant to certain activity behaviours, what populations require 
intervention and what environments (school/university or outside school/university) 
should be targeted. For example, one of the key findings from Chapter Seven 
highlighted that out-of-school hours appeared to be a setting where children 
accumulated prolonged sedentary periods. This finding may be impactful and useful for 
parents and/or teachers. They could use this information to promote simple strategies 
(outside of school) to help children break-up their prolonged sedentary bouts i.e., by 
taking children for a walk and/or encouraging regular breaks from homework. As 
limited research attention has been given to how the environment outside of school may 
promote or inhibit engagement in prolonged sedentary bouts, the findings of Chapter 
Seven could be used to inform future researchers to address this knowledge gap.  
 Based on the combined findings of Chapter Eight and Nine, LIPA appears to be an 
important PA behaviour. The findings of this thesis highlighted that increased LIPA 
was associated with a range of cardiometabolic health indices (i.e., sum-of-skinfold 
thickness, handgrip strength, cardiorespiratory fitness, diastolic BP and triglycerides). 
Additionally, based on compositional data analysis, substituting 30 minutes of sleep 
time and sedentary time with LIPA was associated with significant improvements in 
the sum-of-skinfold thickness, cardiorespiratory fitness and diastolic BP. These results 
may have important public health messages and could contribute to future activity 
guidelines and best practice. For example, increasing LIPA could be an attractive 
proposition for adolescents who are currently inactive, as it may be more achievable 




 Currently, PA guidelines promote that children and adolescents should participate in an 
average of 60 minutes of MVPA daily, limit their sedentary time and accumulate more 
time in LIPA (Bull et al. 2020). The findings of Chapter Eight and Chapter Nine align 
with the current PA recommendations which now include specific information 
advocating the health benefits of MVPA, along with specific information to promote 
replacing prolonged sedentary with LIPA. Data from this thesis could be used to 
support the implementation of interventional or longitudinal research to increase our 
understanding of the associations between sedentary time, standing and LIPA 
(excluding standing and sedentary time) on indices of cardiometabolic health in youth 
populations. 
10.9 Critical Considerations 
The limitations of each individual study have been identified and discussed in detail within 
each chapter. The aim of this section is to provide an overview of the overarching limitations 
of this thesis.  
 Within validation studies, it is recommended that the included participants should be 
reflective of the intended study population. The participants selected for the validation 
study in the present thesis were healthy male and female adolescents aged between 15 
and 18 years, therefore the count-to-activity thresholds cannot be generalised to young 
children or adults. Furthermore, they may not be applicable to adolescents with chronic 
illnesses and thus should not be considered for clinical populations.  
 Due to its wear position the activPAL device is unable to monitor water-based activities 
(swimming), high impact sporting activities (rugby), upper body activities (lifting 
weights) and lower body activities that involve cyclical movements (cycling). The 
levels of PA may have been underestimated for participants that participate in large 
volumes of these activities. To reduce the effect of this limitation, each participant was 
provided with a non-wear diary to record when he or she removed the monitor and to 
provide a reason why they removed it. The majority of the participants in this thesis 
wore the activPAL for the whole duration of the monitoring period. Based on the 
returned diaries from participants in Chapter Eight, eight adolescent boys removed the 
devices for ~120 minutes for a rugby match within the monitoring period. One device 
was removed for swimming; however, this day was not included in the analysis as the 
removal occurred during the first monitoring day, which was removed in line with 




 To account for periods of non-wear time, non-wear protocols which followed the 
methodologies employed for previous research using the activPAL (Dowd et al. 2012a) 
were employed. To identify non-wear time, a period of 60 minutes of consecutive zeros 
were identified, removed from the respective monitoring day and the other values 
adjusted accordingly. Through pilot work, it became apparent that when the activPAL 
was removed it remained sensitive to subtle vibrations or random movements (if placed 
in a school bag). To accommodate this, participants were asked to document their non-
wear time in a non-wear diary; this was crosschecked within the raw data file during 
analysis and removed accordingly. Currently, some efforts are being made to develop 
a threshold or a process for the identification of non-wear time for the newer models of 
the activPAL device (Edwardson et al. 2017). However, in the absence of such 
methodologies, all efforts were made to ensure that the best practice for data reduction 
was administered throughout all analysis methods within this thesis.  
 There is no definitive consensus for a gold-standard count-to-activity threshold for the 
determination of MVPA and LIPA. The studies presented throughout this thesis used a 
population specific free-living count-to-activity threshold specifically developed and 
validated for the activPAL 3 micro, which has shown high levels of agreement with the 
CosMed mobile metabolic unit. At the time of data analysis, count-to-activity MVPA 
thresholds for the activPAL 3 micro device did not exist for child populations. To 
address this the most up-to-date MVPA step threshold developed and validated for a 
similar age group were employed (Tudor-Locke et al. 2018). The inclusion of the step 
threshold to determine the level of MVPA for the child cohorts in Chapter Six and 
Chapter Seven must be acknowledged as a limitation of this work. Therefore, the 
MVPA and LIPA results presented in Chapter Six and Chapter Seven should be viewed 
with caution and should encourage further investigation through developing activPAL 
count-to-activity thresholds for use in children. 
 The data presented in Chapter Eight and Chapter Nine were cross-sectional in nature. 
While the data presented has highlighted significant associations between each of the 
activity behaviours and the respective indices of cardiometabolic health, causation 
cannot be assumed and reverse causality cannot be excluded.  
 Participants in Chapter Eight and Nine were encouraged to wear the activPAL device 
for nine consecutive days. It is important to note that the PA and SB was only measured 




their activity behaviour in response to wearing the device, there is the possibility that 
participants intentionally altered their activity behaviours, especially LIPA and MVPA. 
It appears that MVPA was positively associated with BMI and WHR and LIPA was 
positively associated with WHR. It is possible that through reacting to wearing the 
activity monitor, participants changed their activity behaviours. This appears to be the 
case, as participants with higher BMI achieved more MVPA. This is an important 
limitation that is addressed in great detail in Chapter Nine. However, it is possible that 
the PA and SB data presented in this thesis may not be reflective of the habitual activity 
of the participants.  
 CoDA provides valuable insights for PA researchers examining the potential health 
effects of replacing the time spent in one activity behaviour with another, by treating 
the data as a finite whole (i.e., 24-hr). It is important to highlight that this method 
estimates predicted changes in the health outcomes studies, it does not measure actual 
changes. Interventional studies are required to ascertain if the estimated changes are 
accurate. 
10.10 Future Direction 
Before the activPAL can be considered as a potential measure of free-living activity in PA and 
epidemiological research, future validation studies are required and should include broader 
populations that represent different age groups, clinical populations, sexes and ethnicities. The 
detection of non-wear time has become an issue when using the activPAL 3 micro specifically. 
Future research should consider the development and validation of reliable methods to identify 
non-wear time. Perhaps activPAL could introduce an optical sensor that detects when the 
activPAL is not being worn on the skin. This method is already used within commercial-grade 
devices such as the fit-bit or Garmin/Apple watch. Without such methods, accurate 
quantification of the time spent sedentary, standing and LIPA may continue to be under- or 
over-estimated. Whilst the activPAL has been used extensively as a research-grade device, it 
must be noted that due to its wear position, its cost and its lack of real time feedback to the 
participant, it may not be the best device for behavioural change. Consumer-grade devices such 
as the Fit-bit or Garmin/Apple watch may have the potential to improve activity behaviours for 
example, a Fit-bit can signal to the participant to move when they have been sedentary for 
prolonged periods. Perhaps, the activPAL device should consider such features if being used 




The findings presented in Chapter Three (systematic review) highlight that PA tracks 
moderately over time, however, due to the limited information presented on objectively 
measured sedentary time, the degree to which it tracks is relatively unknown. Longitudinal 
studies that objectively examine the tracking of activity behaviours during childhood and 
adolescence through young adulthood are urgently required. The introduction of such studies 
should provide novel and accurate information on the patterns of activity behaviours within 
specific age cohorts and how they change over time. In addition, studies tracking sedentary 
time, standing time and LIPA quantified from device-based measures are sparse. Such studies 
should illuminate how the changes in these activity behaviours influence health and therefore 
should require further research attention. 
The body of work presented in this thesis primarily focused on the measurement of 
activity behaviours and subsequently the association between these activity behaviours and 
indices of cardiometabolic health. Notably, the specific biological mechanisms by which 
sedentary time, standing and LIPA influence health are not well understood. Over the last 
decade, researchers have begun to investigate this, however, the majority of studies have been 
conducted within animal studies (Hamilton et al. 2008). Developing a clear understanding of 
the biological mechanisms underpinning MVPA, SB, and LIPA and how they interact and 
differ from each other will greatly facilitate researchers who are trying to reduce the rates of 
inactivity and subsequent links to a range of adverse health conditions. 
The majority of research examining the associations between device-based measures of 
SB, standing time and LIPA with indices of cardiometabolic health within adolescent PA 
research have been cross-sectional in nature. The findings of the present thesis in conjunction 
with previous cross-sectional studies provide a strong platform for researchers to start moving 
towards longitudinal studies to fully determine the influence of SB, standing and LIPA on 
indices of health. The implementation of such longitudinal studies will contribute to our 
understanding of the true effect of these behaviours on adolescent health 
Chapter Seven highlighted that SB patterns differed across populations when the 
school/university and out-of-school/university hours were compared. Limited attention has 
been given to how the environment outside of school/university may promote or inhibit 
engagement in prolonged sedentary bouts (Morton et al. 2016). Intervening within this time-
period may be challenging for a variety of reasons, (i.e., different home environments, seasonal 
variation, varying study requirements and bedtimes). During out-of-school/university hours, 




of the day, thus intervening during this period could have the potential to make a difference. 
Adolescents (in particular adolescent females) were identified as a particularly sedentary cohort 
and they appeared to accumulate more sedentary time during school hours. This was mirrored 
by a decrease in LIPA. Research states that school interventions should seek to shift the 
dispersion of activity intensities over the day rather than focusing on the prescription of single 
activity behaviours (Morton et al. 2016). This would require the development of novel 
strategies such as implementing active breaks during class, promoting the delivery of active 
class lessons and implementing changes to the classroom environment (Abbott et al. 2013). 
However, whether these types of strategies are feasible, acceptable or effective within stratified 
populations for age, sex and ethnicity remains to be seen, but they are worthy of further study.  
While the use of CoDA is becoming a popular analysis technique in PA and SB research 
(Dumuid et al. 2020), experimental and interventional studies are required to investigate 
whether the predicted changes from the statistical analysis methods transfer into practice and 
if the magnitude of the observed changes are accurate. To investigate the predicted changes 
observed based on CoDA in this thesis, longitudinal interventional research would need to be 
conducted. The analysis used in this thesis examined activity behaviours collected from one 
time point only, which may not be indicative of the participants’ long-term habitual activity 
behaviours. In order for this type of intervention to be successful, there needs to be long-term 
exposure to the activity levels that will actually modify the cardiometabolic health indices (e.g., 
reduce 30 minutes of sedentary time through increasing 30 minutes of LIPA). Success of such 
interventions will occur only when changes to long-term activity behaviour are achieved. The 
majority of populations could benefit from such changes, however, based on the findings 
presented in this thesis, interventional research attention should be given to adolescent 
populations and in particular adolescent female populations (due to increased time spent in 
prolonged sedentary activities, coupled with decreased MVPA). 
10.11 Conclusion 
This PhD thesis has identified for the first time that the activPAL 3 micro is a valid device for 
the measurement of free-living MVPA in a mixed adolescent population. Specifically, based 
on the work presented in Chapter Four (MVPA threshold development), the activPAL device 
can now be used to accurately quantify each intensity band on the PA intensity spectrum. For 
the first time activPAL determined sedentary time, standing time, LIPA, MVPA and sedentary 
bouts ranging from < 20 minutes to < 60 minutes have been associated with indices of 




this thesis relate to the important role of LIPA during adolescence. Specifically, increased LIPA 
was beneficially associated with the sum-of-skinfold thickness, handgrip strength, 
cardiorespiratory fitness, diastolic BP, and triglycerides. Additionally, theoretically replacing 
30 minutes of sedentary time and sleep time to LIPA was associated with predicted reductions 
in the sum-of-skinfold thickness, cardiorespiratory fitness and diastolic BP. Furthermore, 
replacing 30 minutes of standing time with LIPA predicted improvements to measures of body 
composition. When 30 minutes of sedentary time was replaced with MVPA, significant 
associations were observed with BMI and triglycerides only.  
The existing PA recommendation for youth suggest that they should participate in at 
least an average of 60 minutes of MVPA daily. The beneficial role of MVPA for health is 
supported with over sixty years of scientific research and therefore should be the intensity that 
individuals engage in on a daily basis. Despite the recommendations, global MVPA adherence 
rates within youth populations are low. The findings presented within this thesis advocate that 
promoting decreases in sedentary time or standing time through increases in LIPA may be an 
achievable way to improve health. Nevertheless, based on the quantity of evidence 
accumulated over the last number of decades we should still continue to promote MVPA as the 
behaviour with the greatest health benefits. Collectively, the data presented herein has 
important implications for public health and policy and thus may be used to: (i) inform future 
PA guidelines for adolescents; (ii) promote and guide longitudinal and tracking studies; and, 
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Appendix A: Supplementary Information for Chapter Two – General Literature Review 
A1.0 MVPA and Cardiometabolic Health in Adults: The Evidence Summarised 
There is now incontrovertible evidence on the benefits of MVPA and a range of diseases and 
conditions. This includes, coronary heart disease (Sesso et al. 2000; Lee et al. 2001; Lee et al. 
2003; Committee 2008; Rognmo et al. 2012), type 2 diabetes and markers of glucose control 
(Helmrich et al. 1994; Lynch et al. 1996; Warburton et al. 2001; Jeon et al. 2007; Lee et al. 
2012), obesity (Bouchard and Katzmarzyk 2000; Warburton et al. 2001; Dietz 2004; Chin et 
al. 2016), blood lipid profiles (Durstine et al. 2001; Trejo-Gutierrez and Fletcher 2007) and BP 
(Nelson et al. 1986; Pereira et al. 1999; Chobanian et al. 2003; Diaz and Shimbo 2013). 
Pedersen and Saltin (2015) have provided the most up-to-date evidence to support the 
prescription of exercise for 26 different diseases including psychiatric diseases, neurological 
diseases, metabolic diseases, cardiovascular diseases, pulmonary diseases, musculoskeletal 
disorders and cancer. For a detailed explanation of the possible mechanisms, type of training 
and contraindications to exercise for each of the aforementioned conditions please refer to 
Pedersen and Saltin’s review (Pedersen and Saltin 2015).  
Despite the large body of evidence on the health benefits of MVPA, there still exists 
some debate on dose-response rates. Ekelund and colleagues in 2016 investigated if PA 
attenuated or even eliminated the detrimental associations of sitting time and mortality based 




research highlighted that 60-75 minutes of moderate intensity PA seems to eliminate the 
increased risk of mortality associated with high total sitting time (Ekelund et al. 2016). This 
research is not without its limitations as the reported findings were based on self-report sitting 
time. What is interesting to note is that the recommended dose of MPA required to reduce 
mortality risk is 2-3 times of that currently recommended by the international adult PA 
guidelines for health (Haskell et al. 2007).  
A2.0 Inclusion of Priority Areas: Justifying the need for Continuous Promotion of 
Moderate-to-Vigorous Physical Activity 
It is clear, engaging in regular MVPA is beneficial for health. Despite this, less than 50% of 
the adult population meet the recommendations for health (Hallal et al. 2012). The sub-optimal 
adherence rates to the PA guidelines coupled with the increased rates of obesity, hypertension 
and dyslipidaemia symptoms among adults is a major public health concern. In an attempt to 
address this issue, the US PA Guidelines Advisory Committee considered the area of 
cardiometabolic health and weight management a priority area for examination in their 2018 
scientific report. Special consideration was given to the investigation of the relationships 
between PA and (i) the prevention of weight gain; (ii) the incidence of hypertension; and, (iii) 
the incidence of type 2 (US Department of Health and Human Services, 2018).  
The scientific report presented best evidence statements that summarised the role of PA 
for these three priority areas. The report provided strong evidence to demonstrate the 
relationship between greater amounts of PA and attenuated weight gain in adults (Lee et al. 
2010; Adair et al. 2011; Hamer et al. 2013; Brown et al. 2016). There was strong evidence to 
suggest that that the observed relationship is most pronounced when exposed to more than 150 
minutes of PA per week (US Department of Health and Human Services, 2018). In addition, 
strong evidence indicated a significant relationship between greater amounts of MVPA and 
attenuated weight gain in adults (Sims et al. 2012; Gebel et al. 2014; Moholdt et al. 2014). 
With regards to BP, the report provided strong evidence to demonstrate that PA reduces BP 
among adults with prehypertension (Cornelissen et al. 2011; Cornelissen and Smart 2013; 
Murtagh et al. 2015) and normal BP (Carlson et al. 2014; Casonatto et al. 2016; Corso et al. 
2016). Among adults with normal BP, there was strong evidence to demonstrate an inverse 
dose-response relationship between incident hypertension and leisure time PA (Huai et al. 
2013). With that, there was strong evidence that the magnitude of the BP response to PA is 
greater among adults with prehypertension than normal BP (Huai et al. 2013; Liu et al. 2017). 




of PA and lower incidence of type 2 diabetes (Jeon et al. 2007; Warburton et al. 2010; Merlotti 
et al. 2014; Cloostermans et al. 2015). Of interest to note is that there was strong evidence 
demonstrating that an inverse curvilinear dose-response relationship was present between the 
volume of PA and incidence of type 2 diabetes (decreasing slope at higher levels of PA) (Huai 
et al. 2013; Cloostermans et al. 2015; Wahid et al. 2016) 
The inclusion of these conditions as a separate priority area in the 2018 US scientific 
report is commendable given that each has a significant role to play in health. The findings 
from the report further exemplify that PA is an effective lifestyle behaviour to prevent or 
minimise weight gain in adults. In addition, the report provides strong evidence for and 
highlights the clinically relevant role of PA in the prevention hypertension. Finally, the 
evidence presented confirms that approximately 150-300 minutes of MVPA reduces the risk 
of developing type 2 diabetes by 25-30% (US Department of Health and Human Services, 
2018). The fact that there is strong evidence demonstrating that MVPA reduces the risk of 
excessive weight gain the reduction in risk could be even greater if one participated in PA as 
both excessive weight and physical inactivity are independent risk factors for type 2 diabetes 
(Fogelholm 2010; Cloostermans et al. 2015).  
A3.0 LIPA and Body Composition: Summarising the Evidence in Adults 
Within the LIPA adult literature, fat mass, waist circumference (WC), body mass index (BMI) 
and the sum-of-skinfold thickness are the most frequently reported body composition 
measures. Generally, there is strong evidence of an inverse relationship between LIPA and 
measures of body composition. A recent review reported evidence of an inconsistent 
relationship between BMI and LIPA, however there appears to be a stronger evidence to 
support the inverse relationship between LIPA and waist circumference (Amagasa et al. 2018) 
Using a sample of 5,538 participant’s data from the 2003-2006 National Health and 
Nutrition Examination Survey (NHANES), Loprinzi et al. (2013) reported a strong inverse 
relationship between LIPA and measures of adiposity. LIPA was defined as activity counts 
between 100-2019 counts.min-1. Participants in the 10th decile for LIPA had significantly lower 
BMI, WC and mean triceps skinfold thickness when compared to those in the first decile. A 
second study from this group that included NHANES data on 1,496 adults found that older 
adults (aged 65years +) who engaged in ≥ 300min/week of lifestyle LIPA (classified as activity 
counts between 760-2020 counts.min-1) had lower observed values for BMI, WC and triceps 




Howard and colleagues have confirmed the recent findings reported in the Amagasa et 
al. (2018) review using a sample of 4614 US adults who participated in the NHANES 2003-
2006 cycles. They examined the associations of objectively measured LIPA categorised as 
either low LIPA (100-761 activity counts.min-1) or high LIPA (762-1951 activity counts.min-
1) with BMI and WC. No significant association was observed between low LIPA and BMI. A 
significant inverse relationship was observed between BMI and high LIPA. A stronger 
significant inverse relationship was observed with low LIPA and high LIPA with waist 
circumference, with greater effect being seen for high LIPA (Howard et al. 2015). Chastin and 
colleagues observed the opposite highlighting that the proportion of time spent in LIPA 
(defined as 100-1951 counts.min-1) was detrimentally associated with BMI (β = 0.98 and p = 
0.029) but not waist circumference in a group of adults aged between 21-64 years (Chastin et 
al. 2015).   
Green and colleagues reported no significant association between LIPA and waist 
circumference in a group of 50 female participants aged between 20-39 years (Green et al. 
2014). Using a sample of 1371 adults, Camhi and colleagues (2011) reported that, a higher 
accumulation of lifestyle activities independent of MVPA was associated with lower odds of 
an elevated WC (Camhi et al. 2011). Similar results reported by Kim et al. (2013) in a group 
of 483 Japanese adults aged between 20-60 years showed that LIPA was significantly 
associated with waist circumference β = 0.827; 95% CI: -1.518 to -0.137) after adjusting for 
age, sex, smoking status, calorie intake, accelerometer wear time and MVPA. 
A3.1 LIPA and Blood Pressure: Summarising the Evidence in Adults 
The influence of LIPA on systolic and diastolic BP has been explored in the adult literature. 
The previously mentioned systematic review by Amagasa and colleagues reported that there 
was no association to support the association between LIPA and systolic or diastolic BP 
independent of MVPA but they also reported that further research was needed (Amagasa et al. 
2018).  
With regards to systolic BP, some researchers have demonstrated associations with 
LIPA while others have failed to demonstrate any association. Howard and colleagues have 
illustrated that engaging in low LIPA and not high LIPA was associated with systolic BP 
(Howard et al. 2015). Similar trends were reported by Loprizini et al., (2015) who observed a 
beneficial association between LIPA and systolic BP in those who had ≥ 300 minutes of 
LIPA/week, compared to those who achieved < 300 minutes/week. Kim and colleagues 




between 1.6 to 2.9 METs) were not associated with systolic BP (Kim et al. 2013). Similar non-
significant associations between LIPA and systolic BP were observed with in the literature 
(Camhi et al. 2011; Loprinzi et al. 2013; Green et al. 2014; Chastin et al. 2015).  
There is also conflicting evidence to support a beneficial relationship between LIPA 
and diastolic BP. Loprinizi and colleagues reported a significant positive relationship for 
diastolic BP and LIPA for those in the 10th decile for LIPA compared to those in the first decile 
(Loprinzi et al. 2013). Howard and colleagues illustrated that engaging in low LIPA or high 
LIPA was not significantly associated with diastolic BP (Howard et al. 2015). Similarly, Camhi 
et al. (2011), demonstrated no significant association between lifestyle activity (steps/day or 
minutes/day) with diastolic BP. Similar non-significant associations between LIPA and 
diastolic BP were reported within the literature (Kim et al. 2013; Green et al. 2014; Chastin et 
al. 2015). 
A3.2 LIPA and Markers of Glucose: Summarising the Evidence in Adults 
Within the adult population, there is strong evidence to support a favourable relationship 
between LIPA and markers of glucose control. One of the first studies to provide evidence of 
the associations between objectively measured LIPA and indices of cardiometabolic was the 
work of Genevieve Healy and colleagues. Using a sample of 173 adults (Mean age ± SD, 53.3 
±11.9 years) enrolled in the Australian Diabetes, Obesity and Lifestyle Study (AusDiab), they 
observed that those in the highest quartile of LIPA (defined as 100-1951 counts.min-1) had 
significantly lower 2hr plasma glucose. The authors reported no significant association 
between LIPA and fasting glucose (Healy et al. 2007). More recently, Loprinzi et al. (2015), 
reported that > 300 minutes of LIPA per week was significantly associated with lower fasting 
glucose, when compared to achieving < 300 minutes/week. It appears that this association may 
be mediated by the intensity of LIPA, for example, work by Howard et al. (2015) reported a 
significant association between high LIPA with measures of fasting glucose and 2-hour 
glucose, however no significant association was observed with low LIPA. While a large body 
of research has reported significant associations between LIPA and markers of glucose control, 
many have failed to observe a relationship (Camhi et al. 2011; Kim et al. 2013; Loprinzi et al. 
2013; Green et al. 2014; Chastin et al. 2015). 
There is strong evidence to support a favourable relationship between LIPA and insulin; 
however, the evidence relating to insulin resistance and insulin sensitivity appears to be 
inconsistent (Amagasa et al. 2018). Green and colleagues observed a significant relationship 




relationship was observed for insulin or C-reactive protein (Green et al. 2014). In conflict to 
these findings, Howard et al. (2015) demonstrated that both low and high LIPA were 
significantly associated with insulin, HOMA %β (beta cell function) and HOMA %S (marker 
of insulin sensitivity). Similarly, Loprinzi and colleagues reported that achieving greater 
amounts of weekly LIPA was beneficially associated with more favourable insulin levels, 
insulin resistance and with significantly lower HbA1C (%) levels (Loprinzi et al. 2015). 
Finally, Chastin and colleagues obtained statistical support to conclude that LIPA was 
favourably associated with plasma insulin and HOMA (Chastin et al. 2015). 
A3.3 LIPA and Blood lipids: Summarising the Evidence in Adults 
In a similar vein to the youth LIPA literature, the evidence to support the role of LIPA with 
blood lipids in adult populations is mixed. The systematic review by Amagasa et al. (2018) 
suggested that there was insufficient evidence to determine the direction or definiteness of the 
association between total cholesterol and LIPA. While a significant inverse relationship 
between total cholesterol and LIPA was observed by Green et al. (2014), Loprinzi et al. (2015) 
failed to observe any association regardless if one spent < 300 or ≥ 300 minutes of LIPA per 
week. Similarly, Loprinzi et al. (2013) reported no significant associations between LIPA and 
total cholesterol even when comparing across deciles of LIPA.  
Generally, there is evidence to suggest that LIPA is beneficially associated with HDL-
C; however, Amagasa and colleagues suggest inconsistencies exist within the literature 
(Amagasa et al. 2018). Loprinzi et al. (2013) observed a significant positive relationship 
between LIPA and HDL-C, when stratifying LIPA across deciles. Interestingly, Howard and 
colleagues reported that HDL-C was significantly associated with high LIPA and not low LIPA 
(Howard et al. 2015) while, Camhi et al. (2011) LIPA was significantly associated with lower 
odds of low HDL-C (OR, (95% CI per 30 lifestyle activity minutes): 0.87, 0.83-0.92). In 
contrast to these findings, Green et al. (2014) observed no significant association between 
LIPA and HDL-C.  
Within the adult literature, it does appear that no significant association exists between 
LIPA and LDL-C. A non-significant association between LDL and LIPA was observed by 
Green et al. (2014), Loprinzi et al. (2013) and Chastin et al. (2015), of interest to note is that 
regardless of the intensity of LIPA (Low LIPA or high LIPA), Howard et al. (2015) observed 
no association between LIPA and LDL-C.  
Increased LIPA appears to be favourably associated with triglycerides. Loprinzi et al. 




triglyceride levels was observed. Green et al. (2014) reported that the amount of time spent in 
LIPA was inversely associated with triglycerides and this association remained even after 
adjustment for confounding variables. Howard and colleagues reported that regardless of the 
intensity, LIPA was beneficially associated with triglyceride levels. Chastin and colleagues 
reported similar findings, which statistically supported the influence of LIPA in lowering 
triglyceride levels (Chastin et al. 2015). This association was supported further by Camhi et al. 
(2011) Despite these favourable associations, there are some researchers that have reported null 
findings Kim et al. (2013); Loprinzi et al. (2013)  
A4.0 Total sedentary time and Cardiometabolic Health: Summarising the Evidence in 
Adults  
The relationship between total sedentary time and indices of cardiometabolic health has been 
reviewed extensively within the adult literature. For this reason, the following section will 
provide a brief summary of the findings presented by these reviews.  
A4.1 Subjectively Measured Sedentary Time and its Association with Cardiometabolic 
Health: Summarising the Evidence in Adults 
Wilmot and colleagues (2012) systematically reviewed and examined the association between 
sedentary time with diabetes, cardiovascular disease and cardiovascular- and all-cause 
mortality using 18 studies with 794,577 participants. Of the 18 studies included, 10 examined 
the association between sedentary time and diabetes, 8 cardiovascular mortality, 8 all-cause 
mortality and 3 cardiovascular disease. All of the included studies measured sedentary time 
using subjective measures. The findings from the meta-analysis reported that greater sedentary 
time was associated with a 112% increase in the relative risk of diabetes, 147% increase in the 
risk of cardiovascular disease and 90% and 40% increase in the risk of cardiovascular and all-
cause mortality respectively. Bayesian statistics indicated that the association was stronger for 
diabetes than the mortality outcomes. The associations observed within this review should be 
interpreted with caution for two main reasons. Firstly, the majority of the included studies 
adjusted for PA as a covariate, which suggests that greater amounts of SB are not mediated 
through lower amounts of PA. Research highlights that this may not the case, as sedentary time 
and time spent in PA are collinear (Chastin et al. 2015) and therefore questions the 
appropriateness of adjusting for PA in SB studies. Secondly, the studies in this review 
predominantly employed subjective measures of sedentary time. While subjective measures 
have many advantages, they may also lead to erroneous results and are not suitable for 




A4.2 Objectively Measured Sedentary Time and its Association with Cardiometabolic 
Health: Summarising the Evidence in Adults 
To the author’s knowledge, currently only two systematic reviews have examined the 
associations between objectively measured sedentary time and cardiometabolic health in 
adults. Brocklebank et al. (2015) investigated the cross-sectional and prospective associations 
of accelerometer-determined total sedentary time with makers of glucose metabolism (fasting 
glucose, fasting insulin, 2 hour plasma glucose, HOMA-IR and insulin sensitivity) and blood 
lipids (total cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides). The findings 
presented  showed that there was some consistent evidence (from mostly cross-sectional 
studies) of an unfavourable association between total sedentary time with fasting triglycerides, 
fasting insulin and triglycerides. Favourable associations were observed with markers of 
insulin sensitivity. With regard to blood lipids, the evidence for associations between total 
sedentary time and total cholesterol, LDL-cholesterol and fasting plasma glucose was generally 
non-significant. There was inconclusive evidence for associations with HDL-cholesterol and 
fasting plasma glucose. Of interest to note, is that the majority of the included studies adjusted 
for MVPA and some additionally adjusted for adiposity.  
While one of the major strengths of this review was that it only included objective 
measures of sedentary time, 21 of the included studies used the hip-mounted uniaxial 
ActiGraph accelerometer with a cut point of < 100 counts per minute to define sedentary time. 
Consequently, the time spent standing may be misclassified as sitting time and thus may 
overestimate overall sedentary time. In addition, many of the included studies investigated 
adult populations who had diabetes, were at risk for diabetes, or were postmenopausal or obese. 
This may prove problematic as these populations differ in terms of their cardiometabolic profile 
or activity patterns, which could potentially affect the findings (Brocklebank et al. 2015). 
Notwithstanding that, the data presented support the view that increased sedentary time may 
not be beneficial for health, however, before we can begin to confirm this with a high degree 
of certainty, consistent methods of measuring, defining and analysing SB are required to enable 
more robust comparison of the data.  
More recently, Powell et al. (2018) systematically reviewed the associations between 
objectively measured sedentary time and cardiometabolic markers from 46 papers which 
included a total of 70,576 participants aged between 18-87 years. They advanced this field of 
research by including all objective measures of sedentary time, makers of adiposity and BP as 
well as including a meta-analysis on the unadjusted data from the included papers. Based on 




association between total sedentary time and BMI, fasting glucose, glycated haemoglobin, 
LDL-cholesterol, total cholesterol, systolic BP or diastolic BP. In addition, the reported 
associations of total sedentary time with waist circumference, triglycerides and HDL-
cholesterol were equivocal. Aggregation of the unadjusted data, showed that increased 
sedentary time resulted in a small but significantly mean increase in WC (Δ = 0.25, 95% CI: 
0.15, 0.35; z = 4.94, p < 0.001), fasting glucose (Δ = 0.12, 95% CI: 0.02, 
0.23, z = 2.30, p ≤ 0.021), fasting insulin (Δ = 0.19, 95% CI: 0.06, 0.32, z = 2.88, p ≤ 0.004). 
With regard to the blood lipid markers, increased sedentary time resulted in a small but 
statistically significant mean reduction in HDL-cholesterol (Δ = −0.20, 95% CI: −0.28, 
−0.13, z = −5.22, p < 0.001), and a small but significant increase in triglycerides (Δ = 0.25, 
95% CI: 0.14, 0.37, z = 4.34, p < 0.001). Of interest to note is that when the potential sources 
of variability were examined, the type of device used (activPAL reported greater mean changes 
for some risk factors) and how sedentary time was quantified (total sedentary time % time spent 
sedentary, % wear time spent sedentary), appeared to influence the results. The associations 
between systolic and diastolic BP were mixed within the current adult literature with some 
papers reporting positive associations, negative associations and many reporting null 
associations. These novel findings (aggregated effects) presented by Powell et al. (2018) 
highlight that the observed changes are clinically significant. For example, an increase in 
sedentary time above the lowest quartile of sedentary time resulted in a change of 0.81% for 
glucose, 6.56% for fasting insulin, 1.79% for waist circumference, 3.98% for triglycerides and 
3.35% for HDL-cholesterol (Powell et al. 2018).  
It is clear that there are minor differences when comparing the conclusions of the two 
reviews. This may be explained in a number of ways, for example, Brocklebank et al. (2015) 
examined fewer studies (28 versus 46), limited the study selection criteria to only include 
studies with accelerometer data and the majority of the included studies adjusted for MVPA. 
In contrast to this, Powell and colleagues (2018) examined the associations of 46 studies, 
included only healthy populations, included studies that reported on all objective measures of 
sedentary time and also included unadjusted analysis of the data. Overall, the information 
summarised in the aforementioned paragraphs using the most recent systematic reviews 
confirms that the total time spent sedentary during adulthood is associated with risk factors 




A5.0 Patterns of Sedentary Behaviour and Cardiometabolic Health: Summary of the 
Evidence in Adults 
Within the adult literature, a large body of evidence has examined the associations between 
total sedentary time and indices of health however, very few studies have investigated the 
influence of sedentary bouts on health. The concept of breaking up prolonged periods of 
sedentary time is emerging interest in SB related research. The following part of this review 
will provide a brief summary of the observed associations between breaks in sedentary time 
and indices of cardiometabolic health in adults.  
A5.1 Breaks in Sedentary Time and Body Mass and Body Composition: The Evidence in 
Adults 
Within the adult literature, there is evidence to suggest that breaking up sedentary time is 
beneficially associated with measures of adiposity including WC and BMI. Henson and 
colleagues (2013) used the ActiGraph accelerometer to examine the associations between 
objectively measured sedentary breaks with makers of cardiometabolic health. Sedentary 
breaks were defined as a transition from a sedentary (< 25 counts per 15second epoch) to an 
active state (≥ 25 counts per 15 second epoch). After adjustment for potential confounding 
variables sedentary breaks  were inversely associated with BMI and WC (Henson et al. 2013). 
Cooper et al. (2012) observed similar beneficial associations between waist circumference and 
increased breaks in sedentary time as measured using the ActiGraph accelerometer.  
Similarly, Carson et al. (2014) using the Actical device to measure sedentary breaks 
(defined as each interruption of a sedentary bout by ≥ 1 minute of light activity or MVPA ≥ 
100 counts per minute) observed that on average each additional 10 sedentary breaks per day 
was beneficially associated with 0.83cm lower WC. Healy and colleagues reported that 
increased breaks in sedentary time were beneficially associated with lower WC and BMI, using 
the ActiGraph accelerometer and defining a break in sedentary time as ≥ 100 counts per minute 
(Healy et al. 2008). A more recent study from the same research group albeit using a different 
definition of sedentary breaks, highlighted that in a group of US adults aged ≥ 20 years, 
sedentary breaks were beneficially associated with WC. Those in the highest quartile of 
sedentary breaks had significantly lower WC (95.1cm) than those in the lowest quartile 
(99.2cm) (Healy et al. 2011b).  
Finally, using a gold-standard measure of sedentary time, the activPAL device, 
Bellettiere and colleagues examined the association between breaks in sitting time (direct sit-
stand transitions) with measures of adiposity in a group of over 700 adults in from the 




observed whereby those in the highest quintile for sit-stand transitions had significantly lower 
WC and BMI than the referent quintile (Bellettiere et al. 2017). 
A5.2 Breaks in Sedentary Time and Markers of Glucose Control: The Evidence in Adults 
It appears that breaking up sedentary time has no significant effect on fasting glucose 
(Brocklebank et al. 2015). Using a cross-section of 4757 participants from the 2003-2006 
NHANES cohort, Healy et al. (2011a), observed no significant association between the number 
of breaks in sedentary time with fasting glucose. Similar non-significant associations between 
sedentary breaks (defined as any interruption in sedentary time ≥ 25 counts per 15 second 
epoch) and glucose were reported by Henson and colleagues in a group of 514 male adults, 
despite total sedentary time being detrimentally associated with 2-hour fasting glucose (Henson 
et al. 2013). Using the Sensewear device to measure breaks in sedentary time and their 
association with fasting glucose in a group of 370 Flemish middle-aged adults, Scheers et al. 
(2013) observed no significant association. Similar non-significant associations were reported 
earlier research by Healy and colleagues who observed that increased breaks in sedentary time 
were not associated with fasting glucose (Healy et al. 2008). In contrast to these findings, 
Carson et al. (2014), using a large sample of Canadian adults aged 20 years or older observed 
that for every additional ten breaks in sedentary time there was a significant decrease in fasting 
glucose.  
With regard to 2-hour glucose, there is currently too little evidence to determine if there 
is an association with breaks in sedentary time in adults (Brocklebank et al. 2015). The 
previously mentioned study by Healy et al. (2008) observed that increased breaks in sedentary 
time were beneficially associated with 2-hour plasma glucose. More recent evidence from 
Healy’s research group using the activPAL activity monitor confirmed these findings 
highlighting that frequently interrupting sitting was significantly beneficially associated with 
2-hour glucose (Bellettiere et al. 2017). In conflict with these findings, Henson et al. (2013) 
observed that breaks in sedentary time were not associated with 2-hour plasma glucose.  
A number of studies have examined the associations between breaks in sedentary time 
with fasting insulin and markers of insulin resistance. The evidence for an association is 
inconclusive. For example, Cooper and colleagues studied whether objectively measured 
interruptions in sedentary time were related with metabolic markers in people with type 2 
diabetes. The cross-sectional linear regression analysis of association of breaks in sedentary 
time (defined as each minute where ≥ 100 counts were recorded immediately following ≥ 1 




Healy and colleagues (2011b) observed that independent of the total time spent sedentary and 
other confounders, breaks in sedentary time were not beneficially associated with fasting 
insulin or markers of insulin resistance and insulin sensitivity. In contrast to these findings, 
using a healthy population, Carson et al. (2014), showed that with every additional ten 
sedentary breaks per day, fasting insulin levels decreased. 
A5.3 Breaks in Sedentary time and Blood Lipid Profiles: The Evidence in Adults 
Within the adult literature, there is a lack of evidence to determine if breaks in sedentary time 
are beneficial for blood lipid profile markers including, total cholesterol, HDL-cholesterol, 
LDL-cholesterol and triglycerides (Brocklebank et al. 2015).  
The association between breaks in sedentary time with triglycerides is inconclusive. 
Carson and colleagues observed that each additional 10 sedentary breaks per day was 
associated with a significantly lower level of fasting triglycerides in a large sample of Canadian 
adults. (Carson et al. 2014), Early research by Healy and colleagues demonstrated that 
increased breaks in sedentary time were significantly and inversely associated with fasting 
triglycerides in a large cohort of US adults (Healy et al. 2008). Similarly, later research by 
Healy and colleagues (2011) showed that breaking up sedentary time was significantly 
associated with triglycerides. Associations were observed for those in the third and four quartile 
of sedentary breaks only. In contrast to these findings, many other studies have observed no 
significant associations for breaks in sedentary time with fasting triglycerides (Henson et al. 
2013; Scheers et al. 2013; Bellettiere et al. 2017).  
Evidence supporting the beneficial association between breaks in sedentary time with 
HDL-C is inconclusive. Many largescale studies have reported no significant association 
between the number of breaks in sedentary time and HDL-C (Healy et al. 2008; Healy et al. 
2011b; Henson et al. 2013; Scheers et al. 2013; Bellettiere et al. 2017) while other studies have 
observed significant associations. For example, Cooper and colleagues (2012) observed that 
HDL-cholesterol was approximately 4% higher in patients recording the highest breaks in 
sedentary time. Carson et al. (2014) observed a significant inverse association whereby for 
every additional 10 breaks in sedentary time per day there was an increase of 0.01mmol/L of 
HDL-C. Two studies included in this review examined the associations between breaks in 
sedentary time with LDL-C and both observed null associations (Carson et al. 2014; Bellettiere 
et al. 2017). The association between total cholesterol and breaks in sedentary time is relatively 
unknown. Healy et al. (2011a) observed no significant association for total cholesterol between 




reported no association for breaks in sedentary time with a total cholesterol/HDL-C summary 
score.  
A5.4 Breaks in Sedentary time and Blood Pressure: The Evidence in Adults 
Evidence reporting the influence of sedentary breaks on both systolic and diastolic blood 
pressure is limited and inconclusive. The previously mentioned study by Sheers and colleagues 
(2013) observed no association for breaks in sedentary time with either systolic or diastolic BP. 
Other researchers have reported similar findings (Healy et al. 2008; Healy et al. 2011b; 
Bellettiere et al. 2017). In conflict with these findings Carson et al. (2014) observed that on 
average, each additional 10 breaks in sedentary time per day was associated with a 0.32 mmHg 
lower systolic but not diastolic BP.  
A6.0 Standing Time and Cardiometabolic Health: Summarising the Evidence in Adults 
Within the adult literature there appears to be more studies that have assessed the association 
between objective measures of standing time with indices of cardiometabolic health. For 
example, Buckley et al. (2014) assessed blood glucose responses to sitting and standing 
measured using a waist-band accelerometer in desk-based workers. The area under the curve 
analysis revealed a 43% reduction in postprandial glucose following 185 minutes of standing 
compared to sitting at work. Similarly, in a group of 23 overweight/obese office workers, an 
incremental area under the analyte curve analysis revealed that plasma glucose was 
significantly lower (11.1%) in an intervention group (those who alternated sitting for 30 
minutes and standing for 30 minutes) compared to those who sat continuously over an 8 hour 
period. No significant differences were observed for insulin or plasma triglycerides (Thorp et 
al. 2014).  
Using a quasi-experimental design, Alkhajah et al. (2012) examined the changes in 
activPAL measured time spent sitting, standing and stepping in an office workers work place 
and during the waking day. Indices of cardiometabolic health were also assessed at baseline 
and during 3-month follow-up. The results of the study showed that sitting time was generally 
replaced by standing time. The intervention group decreased their sitting time at the workplace 
and during the waking day and these differences remained during the 3-month follow-up. 
Relative to the control group the comparison group increased their levels of HDL-C by 
approximately 0.26mmol/L (95% CI=0.10, 0.42). No significant associations were observed 
with fasting levels of total cholesterol, triglycerides or glucose. Carr and colleagues (2016) 
compared sitting and standing behaviours with markers of cardiometabolic risk among office 




significant associations were observed between standing time and BMI, lean and fat mass, 
%BF, WC, systolic BP and diastolic BP (Carr et al. 2016).  
In conflict to these findings, a recent study that examined the effect of sitting time in 
university students who attended at least 5 hours of university per week highlighted that 
standing time significantly influenced indices of cardiometabolic health (Butler et al. 2018). 
21 health university students participated in a randomised cross-over trial that lasted 7 weeks. 
The first three weeks included standing during at least two different lecture/class times per 
week; this totalled to a minimum of 5 hours per week of standing for 3 weeks (required to use 
standing desk). The sitting and standing trials were separate by a one-week washout period 
(participants required to sit). The final three weeks required the participants to sit for 3 weeks. 
Significant differences were observed between the 3 weeks of sitting and 3 weeks of standing 
with BP, triglycerides, HDL-C, and blood glucose (p < 0.05). Notably, using the standing desk 
for 3 weeks compared to 3 weeks of sitting was found to significantly improve a standardised 
z score representing the metabolic syndrome. Based on these findings, it is relatively unclear 
if standing may be a stimulus efficient enough to induce favourable changes in indicators for 
cardiometabolic health. Undoubtedly, there is a need for more well-designed prospective 
studies ascertain the effect if any, standing time has on cardiometabolic health. 
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Appendix B: Supplementary Information for Chapter Three - Systematic Literature Review  
B1.0 Supplementary Table 1: Methodological Quality Assessment. 
Study population and participation (baseline): the study sample represents the population of interest on key characteristics. 
1 Is the source population adequately described? Comment required on the source population; the population from which the sample 
was taken. 
2 Is the sampling frame, recruitment methods, 
period of recruitment and place of recruitment 
(setting and geographical location) adequately 
described? 
Sampling frame; source material/list from which the study population will be drawn 
Recruitment methods; explanation of methods used to recruit , possibly include 
methods to identify the sample 
Period of Recruitment; comment required on the dates between which the study was 
conducted 
Place of recruitment; are the study setting and geographical location adequately 
described? 
3 Is the participation rate at baseline at least 80%, 
or is the non-response non selective (show that 
baseline study sample does not significantly 
differ from population of eligible subjects)? 
Comment required on the number of eligible candidates that agreed to take part in the 
study must be at least 80% of the initial cohort invited to take part. 
Or comment required showing the baseline sample is not significantly different from 
the population of eligible subjects. 
4 Is there an adequate description of the 
participants beginning the study (baseline study 
sample) for key characteristics (number of 
participants, age and gender)? 
Comment required on baseline characteristics. 
Number of participants; total number of participants (after screening for eligibility and 
consent) included in the first stage of data collection. 
Age, gender, activity level; self- explanatory. 
 
Study Attrition: loss to follow-up is not associated with key characteristics (i.e. the study data adequately represent the sample)  
5 Is there provision of the exact number of 
participants at each follow-up measurement? 
Response rate; is the proportion of the study sample completing the study and providing 




6 Is follow-up duration mentioned?              Self-Explanatory 
7 Is there presentation of data providing not 
selective non-response during follow-up 
measurements? 
Is there data presented suggesting that during follow-up measurements non-response 
was not selective? 
Data Collection: 
8 Are the methods of data collection adequately 
described? 
Are methods of data collection adequately described; description of tools (surveys, 
questionnaire, objective measures) and processes (telephone, face-to-face, trained 
individuals)? 
9 Is there adequate description of what 
measurement tool was used for the assessment 
of physical activity and/or sedentary behaviour, 
and is the outcome variable (i.e. self-reported 
daily MVPA, self-reported EE, average minutes 
of MVPA over the past month) reported. 
Are all measurement tools adequately described? Is the assessment of activity 
completed in the presence of or by trained personnel by means of standardised 
protocols? Is the outcome variable reported? 
10 Is there a clear description of the cut-points, 
thresholds or definitions (if self-report) used to 
define physical activity and/or sedentary 
behaviour? 
Self-explanatory 
Outcome Measurement: the outcome of interest is adequately measured in study participants. 
11 Is there a clear definition of the outcome of 
interest provided? 
Is there a clear definition of the outcome of interest provided including length of 
follow-up and level and extent of the outcome construct? 
12 Is the outcome measure and method used 
adequately valid? 
Does the study suggest evidence that the validity was examined against or discussed in 
relation to a gold standard? 
May include relevant outside sources of information on measurement properties, also, 





13 Is the outcome measure and method used 
reliable? 
Does the study suggest evidence of reproducibility of the tools used? 
May include relevant outside sources of information on measurement properties, also, 
characteristics such as blind measurement and confirmation of outcome with reliable 
results. 
14 Is the method and setting of measurement the 
same for all participants? 
Self-explanatory 
Data Analysis: statistical analysis for the design of the study. 
15 Adequate description of analysed sample (in- 
and exclusion criteria). 
Self-explanatory 
16 Does the analysed sample consists of ≥500 
participants. 
Self-explanatory 
17 Is there age- and gender-specific presentation of 
anthropometric and activity data at baseline and 
follow-up? 
Self-explanatory 
18 Is the presentation of “longitudinal” analyses 
methods stated and adequate for the design of 
the study? 
Longitudinal analyses is defined as those assessing change in outcome over two or 
more time points and that take into account the fact that observations are likely to be 
correlated. 










B2.0 Supplementary Table 2: Quality Assessment Scoring for Individual Studies included in the Systematic Literature Review. 
Author & 
Year 
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Score Quality 
Anderssen et 
al. (2005) 
+ + + + + + + + + + + - + + + + ? + + 17 High 
Boreham et 
al. (2004) 
+ + + + + + + + + + + - - - + - + + + 15 High 
Busschaert et 
al. (2015) 
+ + + + + + ? + + + + + + ? + + + + + 17 High 
Gordon-
Larsen et al. 
(2005) 
+ + - + + + + + + + + + + + + + + + + 18 High 
Fuller et al. 
(2011) 
+ + - + + + + + + + + + + + + + + + + 18 High 
Kimm et al. 
(2000) 
+ + + + + + + + + + + - - - + + + + + 16 High 
 Kjønniksen 
et al. (2009) 
+ + + + + + + + + + + + + + + + + + + 19 High 
Li et al. 
(2016) 
+ + + + + + + + + + + + - + + - + + + 17 High 
Owens et al. 
(2013) 
+ ? - + + + - + + + + + - + + + - + - 13 Low 
Ortega et al. 
(2013) 
+ + + + + + - + + + + - - - + + + + + 15 High 
Rauner et al. 
(2015) 
+ + - + + + + + + + + + + + - + + + + 17 High 
Raustorp and 
Ekroth (2013) 
+ + + + + + - + + + + - - - + - + + + 14 Moderate 
Simons et al. 
(2015) 




Telama et al. 
(2005) 
+ + + ? + + - + + + + + + - + + - + + 15 High 
Walters et al. 
(2009) 
+ + + + + + + + + + + - + - + + + + + 17 High 
Young et al. 
(2018) 





















B3.0 Supplementary Table 3: Studies Reporting the Odds of Being Physically Active or Sedentary at Follow-up Based on Baseline Levels. 
Odds Ratio (95% CI) 






Males Females Note 
Telama et al. 
(2005) 
1563 15 & 18  




OR 11.8 (5.1, 27.6) 
OR 19.2 (6.2, 59.1) 
OR 4.4 (1.2, 15.7) 
OR 6.1 (1.5, 24.4) 
Active subjects (highest 
quartile of physical activity 
index) versus inactive (lowest 
quartile physical activity 
index). 
Owens et al. 
(2013) 
886 14-17 Post 
compulsory 
education. 
 OR 0.576 (0.335, 
0.989)* 
Meeting physical activity 
guidelines at baseline to not 




593 9.9 ± 0.43 
 
19.9 ± 0.43 OR 5.1 (1.778, 14.478)** 
 
 








guidelines at baseline: 
exceeded at follow-up 
(weekdays). 
Exceeded screen-time 
guidelines at baseline: 
exceeded at follow-up 
(weekends). 











Appendix C: Supplementary Information for Chapter Four – Validation Study 





Validation of the activPALTM professional physical activity 
monitor. 
 
What is this study about?  
Physical activity has been shown to positively affect a person’s current and future health. 
Currently, the majority of studies that have measured physical activity levels in Ireland have 
used questionnaires and diaries. These methods of assessing physical activity have limitations, 
particularly with accuracy. When examining physical activity, it is important to use valid and 
accurate measures of physical activity. Currently the most frequently employed measure of 
physical activity is accelerometers. This study aims to validate an accelerometer based physical 
activity monitor, the ActivPALTM Professional physical activity monitor in a mixed adolescent 
population, and to investigate if it is an accurate measure of predicted energy expenditure.  
 
What will I have to do? 
You are asked to come for an initial 2 hours to complete some gentle activity, including 




and gel soled runners as opposed to flat soled runners. You will sign an informed consent form 
and a pre-test health status questionnaire.  
 
Test Day 
On arrival, you will be asked to change into the exercise clothing that you have brought with 
you. The first type of testing you will take part in is the physiological testing. This will take 
place in a private space. All measurements obtained will be private and confidential, and at no 
time will your information be available to anyone, except the researcher’s named on this 
document. At no time will you be on your own with any researcher, and all efforts will be made 
to make you as comfortable as possible. The research student will measure height and weight. 
Height and weight will be measured in stocking feet, light shorts and t-shirt by the researcher 
and this will be used to calculate Body Mass Index (BMI). 
 
You will be given a heart rate monitor for the main testing. This is simply a strap fitted around 
your chest which will record your heart rate throughout the testing period. The strap will be 
fitted by you, and will be placed beneath your cloths. You will also be asked to wear an 
ActivPALTM professional physical activity monitor, an ActiGraph accelerometer, a 
GENEActiv device, a fitbit and a SenseWear device. The ActivPAL activity monitor is 
attached to the midline of your right thigh, halfway between your knee and hip, using a PAL 
stickie. The PAL stickie is a gel like item which keeps the activity monitor firmly in place. The 
ActiGraph accelerometer is worn over the right hip, and is attached using a special belt. Both 
the GENEActiv and the SenseWear device attach via a strap on the right wrist and upper left 
arm respectively.  
 
You will also wear a Cosmed Mobile ergospirometry system. This is a device which records 
the inspired gas (breathed in gas) and expired gas (breathed out gas). This allows us to collect 
and analyse the different levels of oxygen and carbon dioxide that you use during specific 
activities. It is a very light device, which is worn over the shoulders on the chest and back. It 
is attached to a mask, which is placed over the nose and mouth, to ensure all gases are 






For the main test you will be asked to take part in a number of tasks. These will include sitting 
down, standing upright, folding clothes, walking, cycling, and running. You will complete each 
of these tasks for between 5 and 7 minutes each. You will also be provided with a rest period 
between each activity. You will be free to stop the testing whenever you want if you feel too 
tired, if you get very out of breath or if you get pains in your legs. After the testing procedure, 
you will be asked to remove all equipment. 
 
What are the benefits of this project? 
The results of this research will be made available to the participants. Each participant will be 
given a feedback report that will provide them with information on their metabolic rate, for 
example, how many minutes of activity they would be required to achieve in order to burn 
calories for specific foods. Also, due to the data analysis, and complexity of resulting 
thresholds, results of the threshold development will not be provided to participants, these will 
be published separately in a scientific Journal. While the detailed results will not be made 
available to the participants, the results will go towards validating thresholds for the use of this 
device in future research with this particular population.  
 
What are the risks? 
As with all forms of exercise there is a slight risk of injury to participants. This includes, but is 
not restricted to, strains, sprains and overuse injuries. To reduce these risks you will have a full 
warm up and cool down. 
 
What if I do not want to take part or change my mind during the study? 
We will be delighted with you taking part in the study. However if you do not wish to take part 
it is entirely up to you. You can withdraw from the study at any time and we will thank you for 





What happens to the information? 
The information is completely confidential and will only be used for the purpose of this project. 
Only the people involved in this project will have access to the results of the testing. Once the 
project is complete, all personal information will be destroyed. Remaining data will be retained 
for the recommended period of 7 years. 
 
Who else is taking part? 
It is hoped that 80 other male/females adolescents in the 15-18 age bracket will participate in 
this research study. 
 
What if something goes wrong? 
In the case of an emergency, the protocol in place to deal with such incidents for the PESS will 
be out into place. 
 
Who can I contact for additional information? 
If you would like to know more about this study, please do not hesitate to contact any of the 
investigators listed below. 
 
Name  Title Contact No. E-mail 
Ms. Grainne Hayes PhD Research Student 086 - 0806576 grainne.hayes@ul.ie 
Dr. Kieran Dowd Lecturer  kieran.dowd@ait.ie 
Prof. Alan 
Donnelly 
Professor 061 - 202808 alan.donnelly@ul.ie 
 
Also if you have concerns about this study and wish to contact someone independent, you may 
contact:  
The chairperson of the EHS Research Ethics Committee. 
C/o Vice President Academic and Registrar's Office 
University of Limerick 
Limerick 






Participant Informed Consent Form 
 
Predicting Energy Expenditure from ActivPALTM accelerometry 
counts in Adolescents 
 
I have read and understand the subject information sheet and have had due time to consider it. 
I now fully understand what this project: Predicting Energy Expenditure from ActivPAL 
accelerometry counts in Adolescents is all about and what the data will be used for. I am fully 
aware of the procedures that are involved in this project. I am aware that I can pull out of this 
project at anytime, and that my participation is completely voluntary. I do not have to give any 
reasons as to why I leave the study if I so choose to. I am aware that my results will be 
completely confidential.  
 
I    , understand all that is involved in this study. I hereby agree to 
take part in this research project. 
 
 
Signed:        
 
 







Predicting Energy Expenditure from ActivPALTM accelerometry counts in 
Adolescents. 
What is this study about?  
Physical activity has been shown to positively affect a person’s current and future health. Currently, the 
majority of studies that have measured physical activity levels in Ireland have used questionnaires and 
diaries. These methods of assessing physical activity have limitations, particularly with accuracy. When 
examining physical activity, it is important to use accurate measures. Currently the most frequently 
employed measure of physical activity is accelerometry. This study aims to validate a new 
accelerometer, the ActivPALTM, in adolescents and to investigate if it is an accurate measure of 
predicted energy expenditure. 
What will my son/daughter have to do? 
Your son/daughter will be asked to come to the testing venue (yet to be confirmed). They will be asked 
to bring with a pair of light shorts, a t-shirt and gel soled runners as opposed to flat soled runners.  
 
Test Day: On arrival at the testing centre, your son/daughter will be asked to change into the exercise 
clothing that he will have brought with him. The first type of testing s/he will take part in is the height 
and weight measurement. All measurements obtained will be private and confidential, and at no time 
will information be available to anyone, except the researcher’s named on the last page of this 
document. Height and weight will be measured in stocking feet, light shorts and t-shirt by the researcher 
and this will be used to calculate BMI (Body Mass Index). 
Your son/daughter will then be given a Polar heart rate monitor for the main testing. This is simply a 
watch to be worn on the wrist, which picks up a signal from a strap fitted around the chest. Your 
son/daughter will also be asked to wear an ActivPALTM accelerometer, an ActiGraph accelerometer, a 




midline of your right thigh, halfway between your knee and hip, using a PAL stickie. The PAL stickie 
is a gel like item which keeps the activity monitor firmly in place. The ActiGraph accelerometer is worn 
over the right hip, and is attached using a special belt. The GENEActiv, fitbit and the SenseWear device 
attach via a strap on the right wrist and upper left arm respectively. Finally, your son/daughter will wear 
a Cosmed Mobile ergospirometry system. This is a device which records inspired (breathed in gas) and 
expired gas (breathed out gas). This allows us to collect and analyse the different levels of oxygen and 
carbon dioxide that your son/daughter uses during specific activities. It is a very light device, which is 
worn on the shoulder and back. It is attached to a mask, which is placed over the nose and mouth, to 
ensure all gases are measured. Pictures below. 
 
 
For the main test, your son/daughter will be asked to take part in a number of tasks. These will include 
lying down, sitting down, standing upright, walking and a light jog. Your daughter will complete each 
of these tasks for between 5 and 12 minutes each. A rest period will be provided between each activity.  
 
What are the benefits of this Project? 
Your son/daughter will not be informed directly of the overall results of this research study. However, 
it is hoped that the results of this study will give us a greater understating of the uses and accuracy of 
the ActivPAL physical activity monitor in a male population. Your son/daughter may obtain some 
interesting information regarding physical activity and health. She may also ask the researcher any 
questions about the research and physical activity, which will be answered to the best of the researcher’s 
capabilities.  
 
What are the risks to my son/daughter for this study? 
The Education and Health Sciences Research Ethics Committee has assessed all risks associated with 
each testing procedure. As with all forms of exercise there is a risk of injury to participants. This 
includes, but is not restricted to, strains, sprains and overuse injuries. To reduce these risks you will 
have a warm up and cool down. 
 
What if my son/daughter does not want to take part or changes her mind? 
We will be delighted with your son/daughter taking part in the study. However if s/he does not wish to 
take part it is entirely up to him. They can withdraw from the study at any time and we will thank them 





What happens to the information obtained? 
The information is completely confidential and will only be used for the purpose of this project. Only 
the people involved in this project will have access to the questionnaires and results of the testing. Once 
the project is complete, all personal information will be destroyed. Remaining data will be retained for 
the recommended period of 7-10 years. 
 
Who else is taking part? 
It is hoped that 80 other males and females in the 15-18 age bracket will participate in this study. 
 
What if something goes wrong? 
In the event of an accident or an emergency, the investigator will follow standard in place to deal with 
such incidents. The researcher will be informed of all accident and emergency protocol in place before 
the study begins. 
 
Who can I contact for additional information? 
If you would like to know more about this study, please do not hesitate to contact any of the investigators 
listed below. 
Name  Title Contact No. E-mail 
Ms. Grainne Hayes PhD. Student 086-0806576 Grainne.hayes@ul.ie 
Dr. Kieran Dowd Lecturer  kieran.dowd@ul.ie 
Prof. Alan Donnelly Professor 061-202808 alan.donnelly@ul.ie 
 
Also if you have concerns about this study and wish to contact someone independent, you may contact:  
Chairman Education and Health Sciences Research Ethics Committee 
EHS Faculty Office 
University of Limerick 
Tel (061) 234101 













Parent/Carer Informed Consent Form 
 
Predicting Energy Expenditure from ActivPALTM accelerometry counts in 
Adolescents. 
 
I have read and understand the Parent/Carer information sheet and have had due time to 
consider it. I now fully understand the purposes of the project: Predicting Energy Expenditure 
from ActivPALTM accelerometry counts in Adolescents and what the data will be used for. I am 
fully aware of the procedures that will involve my child, and I am aware that they can withdraw 
from this project at any time, and that participation is completely voluntary. They will not have 
to give any reason as to why they leaves the study if they so chooses to. I am aware that his 
results will be completely confidential.  
 
I    , understand all that is involved in this study. I hereby agree to 
take part in this research project. 
 
 









C2.0 List of Validation Activities 
 
Within each section, please rank, in order how regularly you achieve the following activities 
per day. For example if you achieve more sitting than standing, sitting will be ranked 5 rather 
than 1. 
Section One 
Sitting Still  
Standing doing homework  
Sitting doing homework  
Sitting playing on Phone  
Standing Still  
Screen Viewing  
Section Two 
Cleaning Bedroom  
Sweeping  
Playing Football  
Loading & Unloading Boxes  
Slow walking  
Section Three 
Aerobic Exercise: perform squats, lunges, knee raises, heel 
flicks, sit-ups and press-ups. 
 
Dribbling a basketball   
Dribbling a soccer ball  
Cycling an ergometer at a normal pace  
Brisk Walking  
Section Four 
Jogging: Run (6.5 – 8.5 kmph)   
Cycling  
Running Variation: Run at self-selected pace (slightly above 
moderate/working hard)  
 
Aerobic Steps:  6-8 inch step, participants will be asked to step 
up on the step and step back down. 
 







C3.0 List of Validation Activities 
 
 
Participant timing sheet 
 
Validation of the activPAL Professional Physical Activity Monitor  
 
Student Name: __________________________        Student DOB: ________________________________ 


















Device Sync time 
activPAL 1  
activPAL 3 micro  
activPAL 4  
SenseWear Pro 3  
GENEActiv (L)  
GENEActiv (R)   
ActiGraph wGT3X-BT  
ActiGraph GT1M  
FitBit Charge HR  
  
  




SEDENTARY Start Time Stop Time 
Sitting Still   
Standing Still   
PICK 1/2   
Standing doing homework   
Sitting doing homework   
Sitting playing on a phone   
Screen Viewing   
LIGHT Start Time Stop Time 
Slow walk (2.4-4.5 kmph)   
Pick 2   
Cleaning Bedroom   
Sweeping   
Football   
Loading or unloading boxes   
MODERATE Start Time Stop Time 
Brisk walk (4.5-6.5 kmph)   
Cycle on Erg: 51-89 Watts   
Pick 1:   
Aerobic Exercise:   
Dribble Basketball:   
Dribble Soccer Ball   
VIGOROUS Start Time Stop Time 
RUN (6.5-8.5 kmph)   
Cycle on Erg: 101-160Watts   
Pick 1:   
Running Variation:   
Aerobic Steps:   









Appendix D: Supplementary Information for Chapter Six and Seven 
D1.0 Sample Information Sheets, Consent Forms and Pre-Test Questionnaires 
 
 
Parent or Guardian Information sheet 
Research Study Title 
“Sedentary behaviour in European adolescents; validation of a questionnaire to record 
sedentary behaviour”. 
What is the study about? 
The proportion of Irish adolescents who are overweight or obese has increased in recent years (the 
latest Irish data indicates that one in every five children aged 5-12 years and 22% of 15-17 year 
olds are overweight or obese), leading to long term health risks in this population.  Part of the 
problem is that people spend too much time sedentary (sitting or lying down)? This project will 
employ the latest technology to accurately measure sedentary behaviour. 
This study will also examine the factors in the adolescents environment that lead to 
sedentary behaviour, to try to help identify places where it might be possible to change 
behaviour. 
What will my son or daughter have to do? 
After you and your son or daughter has given full consent, we would ask them to participate as 
follows: 
 Members of our research team will visit the school, and meet with a group of students 
including your son/daughter for 20 minutes. 
 
 During this time, they will show them how to wear an activPAL3 device, 
a compact accelerometer device weighing only 8 grams which is placed 
on their thigh (see picture to the right). This will be worn continuously 
for 8 days (the device can be worn during sleep, and during showers, but 





 We will also ask you to fill out a short questionnaire, about your household and the 
amount of activity in your life.  This will be completely confidential, and will be used 
in the research in anonymous form; your name and other details will not be seen by 
anyone other than the researchers. 
 
 Eight days later, we will visit the school again, to collect back the activPAL device, and 
to ask your son or daughter to complete a short questionnaire.  This will take about 40 
minutes. 
 
What are the benefits? 
The results of this study contribute to a larger European study of adolescent sedentary 
behaviour, and will also help us understand health behaviours in Irish adolescents. For your 
son or daughter, we will provide a full final report (at the end of the study, after everyone has 
been tested).This will provide easily digestible information on their physical activity and 
sedentary behaviour during the measurement period..   
What are the risks? 
The risks in this study are low.  Wearing the activPAL device for a long period can on rare 
occasions cause a rash or irritation in some people (as a result of moisture building up under 
the device).  This disappears when the activPAL is moved to a new position. 
What if my son or daughter does not want to take part? 
They can simply refuse to take part or participate in the study. It isn’t compulsory to take part 
in this project, as it is on a voluntary basis only. There are no repercussions for individuals who 
do not want to participate in the study. 
What happens to the information? 
All the data collected from participant will be kept on University of Limerick password-
protected computers.  All information will be kept anonymous using a number coding system 
and information will not identify any individual. The key to the coding system will be stored 
on paper in a locked filing cabinet in a locked office.  After the study all the information 
collected will stored for a period of 7 years in anonymous form. There will be no pictures taken 
in the study. 
Who else is taking part? 
We will be recruiting adolescents from 2 schools across Ireland, and we intend to recruit a total 
of 40 volunteers and 40 parents/guardians.  We are looking for a cross-section of the 
population; so we need adolescents who are healthy and active, average adolescents and 




What if something goes wrong? 
The testing procedures used in this study are used extensively by our research group, and all 
researchers are competent with the equipment and safety guidelines for use of equipment have 
been established. If anything does go wrong whilst the device is being worn, we will provide 
contact numbers, and will be available to recommend appropriate action.  We have tested over 
500 volunteers so far with the device, without any negative incidents other than very rarely a 
slight “heat rash” where the device is worn. 
What if I have more questions or do not understand something? 
If you have questions at any time about the study or the procedures, you may contact any of 
the researchers listed below. 
What happens if my son or daughter changes their mind during the study? 
Their participation in this study is voluntary; they may refuse to participate without penalty. If 
they decide to participate and then change their mind, they can still at any time refuse to 
participate further without penalty. If they withdraw from the study before data collection is 
completed your own data will be destroyed. There are no repercussions for individuals who do 
not want to participate further in this study. 
 
Contact name and number of Project Investigators. 
Name  Title Contact No. E-mail 
Ms. Gráinne Hayes Postgraduate Student 086-0806576 grainne.hayes@ul.ie 
Prof. Alan Donnelly Professor 061-202808 alan.donnelly@ul.ie 
 
This research study has received Ethics approval from the Education and Health Sciences Research 
Ethics Committee (2015_12_24_EHS). If you have concerns about this study and wish to contact 
someone independent, you may contact 
Chairman, Education and Health Sciences Research Ethics Committee 
EHS Faculty Office 
University of Limerick 


















Parent/Carer Consent Form 
 
I have read and understand the parental/carer information sheet and have had due time to 
consider it. I now fully understand what this project: “Sedentary behaviour in European 
adolescents; validation of a questionnaire to record sedentary behaviour” is all about and what 
the data will be used for. I am fully aware of the procedures that are involved in this project. I 
am aware that my daughter/son can pull out of this project at any time, and that their 
participation is completely voluntary. I am aware that my daughter/sons results will be 
completely confidential.  
 
I     understand all that is involved in this study. I hereby agree to 
my daughter/son taking part in this research project. 
Parent/ Carer Signature:         
Relationship with participant:         
We also would like you to complete a short questionnaire about your household and about your 
own activity levels.  Please sign to give your consent to this here: 
I understand all that is involved in this study. I hereby agree to taking part in this research 
project by completing a short questionnaire 
Parent/ Carer Signature:         










PARTICIPANT PRE-TEST QUESTIONNAIRE 
Study Title: “Health behaviours and health indices in older adolescents” 
 
ID CODE: ____________________  Age: _____ 
 
Date of Birth: ______________   School: _________________ 
 
 PAR-Q FORM Please mark YES or No to the following   YES/NO 
1) Has your doctor ever said that you have a heart condition and that  
you should only do physical activity recommended by a doctor?                      ____  ____ 
 
2) Do feel pain in their chest when you do physical activity?                           ____  ____ 
 
3) In the past month, have you had chest pain when you were not doing  
physical activity?                                                                    ____  ____ 
 
4) Does you lose your balance because of dizziness or do you ever  
lose consciousness?                                                        ____  ____ 
 
5) Do you have a bone, joint or any other health problem that could be  
made worse by a change in your physical activity?                   ____  ____ 
6) Is your doctor currently prescribing drugs for blood pressure  





7) Do you know of any other reason why you should not undergo physical activity? This 
might include severe asthma, diabetes, a recent sports injury or a serious illness.                           
                                                                                                                         ____  ____ 
8) Are you pregnant now or have you given birth within the last 6  
months? (Question 8 applies only to female participants)                           ____  ____       
                                                                                                                                                                 
9) Have you recently had surgery?                                                                  ____  ____ 
 
10) Have you any blood disorders or infectious diseases that may prevent  
them from providing blood for experimental procedures?                 ____  ____ 
 





 If you answered no honestly to all questions then you can be reasonably sure that you 
can take part in the physical activity requirement of the test procedures involved in 
this study. 
 If you have answered yes to any of the questions above, please ensure that you have 
provided additional information in the area provided above.  
 
I _________________ declare that the above information for my son/daughter is correct at the 













Student Activity and Sports Study Ireland: We Are Looking For Volunteers To Take 
Part In A Nationwide Health and Well-Being Assessment 
 
 
What are we doing? 
 
We are administrating a national health and well-being assessment of third level students in 
Ireland. We hope that the data we collect will be representative of the general 3rd level student 
population. Similar assessments are taking place in 4 other 3rd level institutions in Ireland. Our 
initial goal is to build a sample size of 600. The study has been granted ethical approval (Ethics 
Number 14_10_21_EHS) 
What will you gain from your participation and time commitment? 
We will provide you with a detailed health status and risk report based on the following 
indicators: body mass index, hip to waist ratio, blood pressure, grip strength, skinfold 
measurement and cardiovascular endurance. We will arrange a feedback session which will 
provide additional information regarding the health implications of your scores. This type of 
assessment and feedback would conservatively cost between €100-200. 
What will you be required to do and when?  
 
 If you are interested in participating in this opportunity please respond to this email. 
 The health assessment will take place at a convenient time for you from week 7 to 12. 
 Measurements to assess your current health status and risk will be taken; height, weight, 
blood pressure, hip to waist circumference, skinfold measurement, a 20 meter 
cardiovascular fitness assessment and a physical activity determinant questionnaire.  
 You will be required to wear motion sensors for 9 days to keep track of your activity 
patterns.  
 
The total time commitment will not exceed 2 hours and will take place in a single session. All 
measurements will be taken in a private setting with the exception of the 20 meter 
cardiovascular assessment. This involves maintaining a pre-determined walking/jogging pace 
and will take place in a private small group setting (max 7), those participating with you will 
be of similar ability (we will communicate with you to establish this). We suggest that you 
attempt all aspects of the assessment, but at any stage you can withdraw gracefully at your own 
pace and time, based on how you feel. 
If have any questions please contact by return email:  
Grainne Hayes, PhD Researcher, Faculty of Education & Health, University of Limerick 





Participant Informed Consent Form 
 
Project Title: Student Activity and Sports Study Ireland (SASSI) 
 
Introduction to the Study 
The purpose of this study is to better understand the physical activity and dietary behaviors of 
third level students, and the relationship, if any these have with their health.   
What Will Happen During the Study? 
A small number of students have been invited to take part in a physical activity and health 
assessment.  As part of this assessment:  
 I will be asked to complete short questionnaires on physical activity. 
 A research assistant will measure my height, weight, grip-strength, skinfold 
thickness, waist circumference and blood pressure.  
 I will be asked to do a fitness test. This test requires that I run between two lines 
which are 20m apart in time to a bleep sound. This test is call the 20 meter shuttle 
run test and lasts between 3 and 12 minutes depending on fitness level.  
 I will be asked to wear a motion sensor that measure how quickly and often I 
move in one week (over 9 days).  
 To maintain privacy and confidentiality, measurements of height, weight, hip and 
waist circumferences, grip strength, skinfold thickness and blood pressure will be 
taken behind screens.  
 I will be asked to use a smartphone (with a special app) to photograph all food 
eaten.  These photos will be uploaded to a UL computer, where the food content in the 






1. I have read the Information Sheet (or had it read to me) No 1  Yes 2  
2. I understand the information provided. No 1  Yes 2  
3. I am aware that this study will involve me completing a 
physical activity questionnaire and my physical 
measurement may be taken. 
No 1  Yes 2  
 
4. I know that I am free to decide not to take part in this 
study or change my mind if I wish. 
 
No 1  Yes 2  
All information gathered will be treated in the strictest of confidence.  To ensure this, your 
name will be removed from all data and replaced with an ID number.  Only the researcher will 
know your ID number.  ‘Confidentiality of information provided can only be protected within 
the limitations of the law.  It is possible for data to be subject to subpoena, freedom of 
information claim or mandated reporting by some professions.’ 
 
I have read and understand the information on this form.  The researchers have answered all 
my questions.  I consent to participate in this study.  I understand that I can withdraw from the 
study at any stage should I choose to do so.  I will not be penalized in any way for doing this.  
 
Student Signature: _____________________________________________________ 




















Name: ____________________  Age: _____ 
 
Date of Birth: ______________   
 
 
 As you are to be a subject in this project, would you please complete the following 
questionnaire? Your cooperation in this is greatly appreciated. 
 
PAR-Q FORM    Please mark YES or No to the following:  YES NO 
 
1) Has your doctor ever said that you have a heart condition and that you  
should only do physical activity recommended by a doctor?   ____ ____ 
 
2) Do you feel pain in your chest when you do physical activity?   ____ ____ 
 
3) In the past month, have you had chest pain when you were not doing  
physical activity?        ____ ____ 
 
4) Do you lose your balance because of dizziness or do you ever lose  
consciousness?         ____ ____ 
 
5) Do you have a bone, joint or any other health problem that could be  
made worse by a change in your physical activity?    ____   ____ 
 
6) Is your doctor currently prescribing drugs for your blood pressure or  
heart condition?         ____   ____ 
7) Do you know of any other reason why you should not undergo physical  




or a serious illness.         ____   ____ 
 
8) Are you pregnant now or have you given birth within the last 6 months? ____ ____ 
 
9) Have you recently had surgery?      ____ ____ 
 
10) Have you any blood disorders or infectious diseases that may prevent you  
from providing blood for experimental procedures?     ____ ____ 
 







 If you answered no honestly to all questions then you can be reasonably sure that you 
can take part in the physical activity requirement of the test procedures involved in this 
study. 
 If you have answered yes to any of the questions above, please ensure that you have 
provided additional information in the area provided above.  
 
I _________________ declare that the above information is correct at the time of completing 



















D2.0 Sample activPAL Diary 
 
activPAL Diary (Please Use 24 Hr Clock) 
 
 
NAME:  _________________ 
ID NUMBER:  _________________ 
Date Taken Off Time Taken Off Date Replaced Time Replaced Activity 
04/02/2015 00:58  05/02/2015 10.00 am Sleeping 
     
     
     
     
     
     
     
     
     
     
     
     
     






Appendix E: Supplementary Information for Chapter Eight and Nine 
E1.0 Letter to Principal and Principal Consent  
 
 
Department of Physical Education and Sports Sciences, 
University of Limerick, 
Castletroy, 
Limerick, 
        25th February 2016. 
 
 
    Dear XXXX, 
 
 I am writing to you on behalf of our research team at the University of Limerick as we 
are currently planning a large scale physical activity research project in the Limerick region, 
and we would very much like your school to participate. The project title is “Health 
behaviours and health indices in older adolescents”. Recent national data indicates that a 
low level of physical activity has a negative influence on the weight profiles of children. 
School-age physical activity appears to influence adult physical activity, and through it, the 
public health of the general population.  
 
We have recently selected six schools, including your school, as potential study sites.  
We intend this study to be landmark study with national and international impact. This study 
will employ the latest developments in technology to measure the volunteers’ dietary, 
physical activity and sedentary behaviours.  The aim is to compare these behaviours to a 
battery of health measures, in order to better understand how they impact health, and how 
they contribute to fat levels in the body.  We are looking for a random cross-section of 
students, including those who are sporty, healthy and active and those who might be less 
active, overweight or obese, in order to clarify what determines these health patterns across 
the population. 
 
We will be recruiting a total of 200 male and female adolescents from schools in the 
region, and hope that a total of 36 senior cycle students from your school will participate, 
Ideally 12 each from TY and the 2 leaving cert years. In brief, the protocol would involve 
a 1 hour school-based briefing, device-based measurement of activity and diet during a 
normal school week (the students wear a measurement device and collect data on diet, but 
otherwise it is a normal week), followed by a 4 hour testing session at the University of 
Limerick. During the measurement period the volunteers will wear a small accelerometer 
device, and will be shown how to use a new phone App, developed at UL, to photograph 
their food.  This will give us “state of the art” data on their activity and diet. The health screen 




on the student’s cardiovascular health and risk of long term disease.  All the data will be fed 
back to the students individually at the end of the study, including advice on modifying their 
dietary and activity behaviour where necessary.  We will also provide the school with an 
“overview” report on the student sample’s diet, activity levels and general health.  
 
The school will incur no cost, we will pay for all transport etc. for the study. The study 
promises to be enjoyable for the participants and they will experience no discomfort. I would 
be very happy to meet you, to discuss this, and outline exactly what is involved.   I will be in 
contact with you shortly to enquire whether you are interested in your schools involvement 
in this study.  Participation by pupils is by consent only and they can withdraw at any stage. 
We sincerely appreciate your time and consideration of this request and will understand if 
you are not in a position to assist. If you have any immediate questions, please email me at 
alan.donnelly@ul.ie, or call (061) 202808.   
 








 Name Position 
 Dr. Ciaran MacDonncha Lecturer 
 Dr. Eibhlis O’Connor Lecturer 
 Dr. Brian Carson Lecturer 
 Dr. Matthew Herring Lecturer 
 Professor Ailish Hannigan Professor 
 Dr. Helen Purtill Lecturer 
 Dr. JJ Collins Lecturer 
 Dr. John Noll Research Fellow 
 Professor Clodagh O Gorman Professor 
 Grainne Hayes Postgraduate Student 
 Cormac Powell Postgraduate Student 
 Cillian Mc Dowell Postgraduate student 
 Leanne Aherne Sport and Exercise Science Co-op student 
 Chelsea Farrell Sports and Exercise Science Co-op student 
 Bridget O Leary Sport and Exercise Science Co-op student 









Principal Consent Form 
 
 
Should you agree to your schools participation in this study please sign the consent form 
below. 
 
Title of Project: “Health behaviours and health indices in older adolescents”. 
 
 















Name (please print): ___________________________       
 

















E2.0 Information Sheet and Consent Form - Sample 
 
 
Parent or Guardian Information sheet 
 
Research Study Title 
 
“Health behaviours and health indices in older adolescents”. 
 
What is the study about? 
The proportion of Irish adolescents who are overweight or obese has increased in recent years (the 
latest Irish data indicates that one in every five children aged 5-12 years and 22% of 15-17 year 
olds are overweight or obese), leading to long term health risks in this population. Although most 
people are aware that the problem has arisen from changes in diet and exercise levels, we don’t really 
know the precise details; how much energy does an adolescent take in, and what proportion of fat, 
carbohydrate and protein is in their diet? How often do they participate in physical activity, and what 
proportion of their daily lives is spent sedentary (sitting or lying down)? We will employ the latest 
technology to accurately measure both diet and activity behaviours to answer these questions. 
This study will examine not only the food intake and activity levels, but critically the 
effects these behaviours are having on health. We will perform a full health screen. We have 
assembled a highly experienced team of researchers to examine the diet, physical activity and 
sedentary behaviours in a large group of male and female adolescents in 6 schools, across the 
Limerick region. We will use the results for academic research, and to inform on potential ways 
to reduce the risk of obesity.  We will also inform you and your son/daughter privately on the 
results of their health screen and their diet and activity behaviour measurement.  This health 
screen would be similar to that done in a private health clinic. 
What will my son or daughter have to do? 
After you and your son or daughter has given full consent, we would ask them to participate as 
follows: 
 Members of our research team will visit the school, and meet with a group of students 





 During this time, they will show them how to wear an activPAL3 
device, a compact accelerometer device weighing only 8 grams 
which is placed on their thigh (see picture to the right). An 
accelerometer is a small, lightweight device that measures the 
amount of time a person spends stepping, standing, sitting and lying 
down. This will be worn continuously for 8 days (the device can be 
worn during sleep, and during showers, but it has to be taken off for swimming).   
 
 They will also be shown how to complete a food diary on two different days.  If they 
have a smartphone, we will show them how to photograph every bit of food or drink 
they consume, and email the photos to us; for those with an Android phone, we will 
show them how to download a special UL designed App that will assist in this. We ask 
them to photograph food plates before and after they have eaten, and any other food 
items, like fruit, sweets, snack bars, soft drinks etc. The photograph will be used by us 
to accurately assess portion sizes consumed.   
 
 Eight days later, we will ask your son or daughter to attend UL for a four hour 
measurement period without having breakfast, so they are in a fasted state (they can 
drink water only from midnight the night before).  
 
 We will run a bus from their school, and they should bring shorts/leggings, a t-shirt and 
gym shoes/runners to change into. On arrival at UL, a specially trained staff member 
will collect a small blood sample from their arm for use in measuring health risk factors.  
We will then provide a light breakfast. After this, we will take them to a computer room 
to fill out some on-line questionnaires about their attitudes to health, and about their 
mood and anxiety levels.  At this stage we will collect back the activPAL device and 
food diaries. 
 
 Following this, we will undertake a number of health related measures. Firstly, we will 
rest them on a couch for 20 minutes before measuring their blood pressure. We will ask 
them to change into their sports kit in a private dressing room, and then we will measure 
their skinfolds with special callipers (measuring the thickness of pinches of fat from 4 
places on their body).  
 
 We will additionally measure their height and weight, and use a tape-measure to record 
their waist and hip circumference. All these measures will be completed by a trained 
research student, behind a screen and in the presence of another experimenter who is 
the same sex as your son/daughter). The results will be confidential, and not available 
to anyone other than the research team and your son/daughter.   
 
 
 We will then measure their hand grip strength, using a special device.  Finally, we will 
ask them to perform a shuttle-run test, running between two sets of cones 20 metres 
apart.  This test is often performed in schools, and is used to measure aerobic fitness. 
After this test, they can shower, get changed back into school clothes, and we will bus 





What are the benefits? 
The results of this study will be of national importance, since we currently know little about 
health behaviours in Irish adolescents. For your son or daughter, we will provide a full final 
report (at the end of the study, after everyone has been tested). This will outline the results of 
all the tests, comparing the results to guidelines, and offer advice on physical activity levels 
and diet where needed. During breaks in the testing, we will organise short talks on the science 
and medicine behind the measurements, relating these to the Leaving Cert syllabus. 
What are the risks? 
All blood sampling has a small risk of bruising under the skin, and a very small risk of infection. 
We will use standard sterile procedure to take the bloods, and the blood samples will be 
collected by a trained and experienced phlebotomist (blood sample taker).  We will monitor 
each adolescent for a period after the blood sample to minimise the risk of dizziness/fainting, 
and we will have safety and first aid measures in place should there be any adverse effects.   
There can be some embarrassment with weight measurement and measurement of skinfolds 
and waist and hip girth.  These measures will be performed behind a screen by experienced and 
well-trained research students, and the results will be confidential. The shuttle run test involves 
a short period of intensifying effort, where the adolescents run faster and faster between the 
cones. The test includes an adequate warm up period, and we will monitor the adolescents 
during and after the tests to check they are not in any distress. Note that a similar test is 
frequently performed in PE classes at school, so your son/daughter may already be familiar 
with it. 
What if my son or daughter does not want to take part? 
They can simply refuse to take part or participate in the study. It isn’t compulsory to take part 
in this project, as it is on a voluntary basis only. There are no repercussions for individuals who 
do not want to participate in the study. 
What happens to the information? 
All the data collected from participant will be kept on University of Limerick password-
protected computers.  All information will be kept anonymous using a number coding system 
and information will not identify any individual. The key to the coding system will be stored 
on paper in a locked filing cabinet in a locked office.  After the study all the information 




other than those of food that we will collect.  Any photos of people that are accidently uploaded 
by the volunteers will immediately be deleted. 
Who else is taking part? 
We will be recruiting adolescents from 6 schools in the local area, and we intend to recruit a 
total of 200 volunteers. We are looking for a cross-section of the population; so we need 
adolescents who are healthy and active, average adolescents and adolescents who might be 
overweight or inactive. 
What if something goes wrong? 
The testing procedures used in this study are used extensively by our research group, and all 
researchers are competent with the equipment and safety guidelines for use of equipment have 
been established. Strict exclusion criteria and safety measures will be implemented at all times. 
If you son or daughter show any signs of distress at any stage during the research, the procedure 
will be terminated immediately. We have strict safety protocols, and trained first aiders are 
available in the building should anything untoward occur.  In the very unlikely event of a more 
serious occurrence, we will implement appropriate emergency procedures. 
What if I have more questions or do not understand something? 
If you have questions at any time about the study or the procedures, you may contact any of 
the researchers listed below. 
What happens if my son or daughter changes their mind during the study? 
Their participation in this study is voluntary; they may refuse to participate without penalty. If 
they decide to participate and then change their mind, they can still at any time refuse to 
participate further without penalty. If they withdraw from the study before all data collection 
is completed their own data will be destroyed. There are no repercussions for individuals who 
do not want to participate further in this study. 
Contact name and number of Project Investigators. 
Name  Title Contact No. E-mail 















This research study has received Ethics approval from the Education and Health Sciences Research 
Ethics Committee. If you have concerns about this study and wish to contact someone 
independent, you may contact: 
Chairman, Education and Health Sciences Research Ethics Committee 
EHS Faculty Office 
University of Limerick 














Name Position Phone Number 
Dr. Ciaran MacDonncha Lecturer 061 213162 
Dr. Eibhlis O Connor Lecturer 061 202890 
Dr. Brian Carson Lecturer 061 234943 
Dr. Matthew Herring Lecturer 061 234943 
Professor Ailish 
Hannigan 
Professor 061 202313 
Dr. Helen Purtill Lecturer 061 234759 
Dr. JJ Collins Lecturer 061 202409 
Dr. John Noll Research Fellow 061 202956 
Professor Clodagh O 
Gorman 













I have read and understand the parental/carer information sheet and have had due time to 
consider it. I now fully understand what this project: “Health behaviours and health indices 
in older adolescents” is all about and what the data will be used for. I am fully aware of the 
procedures that are involved in this project. I am aware that my daughter/son can pull out of 
this project at any time, and that their participation is completely voluntary. I am aware that 
my daughter/sons results will be completely confidential.  
 
I     understand all that is involved in this study. I hereby agree to 
my daughter/son taking part in this research project. 
 
Parent/ Carer Signature:         
 
Relationship with participant:         
 
Date:   __/__/___ 
 
 
 
 
 
 
